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(54) Refrigerant cycle system 

(57) A condenser (2) of a refrigerant cycle system 
includes a first heat exchange unit (2a) into which refrig- 
erant discharged from a compressor (1 ) flows, a second 
heat exchange unit (2b) disposed at a downstream of 
the first heat exchange unit in a refrigerant flow direction, 
and a gas-liquid separator (2c) disposed between the 



first and second heat exchange units in the refrigerant 
flow direction. In the refrigerant cycle system, at least 
gas refrigerant separated in the gas-liquid separator 
flows into the second heat exchange unit so that an 
amount of liquid refrigerant stored in the gas-liquid sep- 
arator is changed in accordance with a super-heating 
degree of refrigerant discharged from the compressor. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to a refrigerant 
cycle system suitable for an air conditioner for a vehicle 
and the like. 

2. Description of Related Art: 

[0002] A conventional basic structure of a refrigerant 
cycle system is roughly divided into a receiver cycle and 
an accumulator cycle based on a difference between 
control of a super-heating degree of refrigerant at an 
outlet of an evaporator and control of a super-cooling 
degree of refrigerant at an outlet of a condenser. 
[0003] As shown in the Mollier diagram of FIG. 52, the 
receiver cycle cools and condenses refrigerant dis- 
charged from a compressor 101 by a condenser 102, 
the refrigerant from the outlet of the condenser 102 is 
separated into gas and liquid refrigerant by a receiver 
107 provided on the outlet side of the condenser 102. 
The liquid refrigerant from the receiver 107 is made to 
be expand and decompressed by a thermal type expan- 
sion valve 1 31 , and then the low-pressure refrigerant af- 
ter this decompression is evaporated by absorbing heat 
from air in an evaporator 104. 

[0004] In this receiver cycle, since a gas-liquid inter- 
face of the refrigerant is formed within the receiver 1 07 
and the refrigerant within the receiver 1 07 is maintained 
above a saturated liquid line L2, the super-cooling de- 
gree SC of the refrigerant at outlet of the condenser 1 02 
is controlled to 0°C. On the other hand, the thermal type 
expansion valve 131 feeds back the super-heating de- 
gree SH of the refrigerant at outlet of the evaporator 1 04 
to automatically adjust a valve opening for thereby main- 
taining the super-heating degree SH of the refrigerant 
at the outlet of the evaporator 104 within a predeter- 
mined range (for example, 3 to 15°C). 
[0005] On the other hand, in the accumulator cycle, 
as shown in the Mollier diagram of FIG. 53, a fixed re- 
strictor 103 (fixed throttle) such as a capillary tube is di- 
rectly connected to the output of the condenser 1 02 to 
directly decompress the refrigerant from the outlet of the 
condenser 1 02 in the fixed restrictor 1 03. Then, the low- 
pressure refrigerant after the decompression absorbs 
heat in the evaporator 1 04 for evaporation, and the re- 
frigerant, which passed through this evaporator 104, is 
made to be flowed into an accumulator 1 08. Thereafter, 
the refrigerant from the outlet of the evaporator is sep- 
arated into gas refrigerant and liquid refrigerant in the 
accumulator 108, and gas refrigerant within the accu- 
mulator 1 08 is sucked into a compressor 101. 
[0006] In the accumulator cycle, since a gas-liquid in- 
terface of the refrigerant is formed within the accumula- 
tor 108 and the refrigerant within the accumulator 108 



is maintained above a saturated gas line L1 , the super- 
heating degree SH of the refrigerant sucked into the 
compressor 1 is maintained at 0°C. Because the fixed 
restrictor 1 03 is used as decompression means, the su- 

5 per-cooling degree SC of the refrigerant at outlet of the 
condenser 1 02 is determined depending on flow amount 
characteristics of the fixed restrictor 103, a cycle high 
pressure and a cycle refrigerant flow rate, and the super- 
cooling degree SC normally fluctuates in a range of 0 to 

10 about 20°C because of fluctuations in cycle operating 
conditions. 

[0007] However, in the former receiver cycle, since 
the thermal type expansion valve 1 31 feeds back the 
super-heating degree SH of the refrigerant at the outlet 
is of the evaporator 104 to automatically adjust a valve 
opening, the receiver cycle system needs a complicate 
and precise valve mechanism, leading to an increase in 
cost. 

[0008] In order for the thermal type expansion valve 

20 131 to sense the super-heating degree SH of the refrig- 
erant at outlet of the evaporator 104, there arises the 
need for setting an installation place for the thermal type 
expansion valve 131 in the vicinity of the evaporator 
104, in other words, in a compartment. As a result, pas- 

25 sage noise of the refrigerant, which occurs in a restric- 
tion passage of the thermal type expansion valve 131 , 
becomes prone to propagate to an air conditioner user 
(occupant) within the compartment, and a problem of 
refrigerant passage noise becomes obvious. 

30 [0009] In contrast, in the accumulator cycle, since the 
fixed restrictor 103 is used as the decompression 
means, this can be manufactured at exceedingly low 
cost as compared with the thermal type expansion valve 
131 . Since it is not necessary to place the fixed restrictor 

35 1 03 in the vicinity of the evaporator, but the fixed restric- 
tor 1 03 can be placed on the outside of the compartment 
(e.g., engine room side of the vehicle), there is an ad- 
vantage that the refrigerant passage noise to be trans- 
mitted into the compartment can be greatly reduced. 

40 However, in a refrigerant cycle system for vehicle air 
conditioning, however, because the compressor 101 is 
driven by a vehicle engine, the number of revolutions of 
the compressor 1 01 also fluctuates greatly with the fluc- 
tuation in the speed of the engine. For this reason, if the 

^5 fixed restrictor 103 is used for the decompression 
means, a refrigerant flow adjusting operation cannot be 
correspond sufficiently to the great fluctuation in the 
number of revolutions of the compressor 101 to greatly 
fluctuate the super-cooling degree SC of the refrigerant 

s o at outlet of the condenser, resulting in excessive fluctu- 
ation width. For example, when the compressor 101 is 
revolving at high speed, the compressor discharging ca- 
pacity is increased, and the high pressure discharged 
from the compressor 101 is increased so that the super- 

55 cooling degree SC of the refrigerant at outlet of the con- 
denser becomes too great. This occurrence of the ex- 
cessive super-cooling degree SC causes an increase in 
a compressor driving power due to the increased high 
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pressure to worsen the cycle efficiency. 
[0010] In addition, there is another disadvantage that 
the accumulator 108 has inferior mountability. More spe- 
cifically, the accumulator 108 is provided at the outlet 
side of the evaporator 1 04, that is, in a low-pressure pas- 
sage, for separating gas-liquid of the low-pressure re- 
frigerant having a large specific volume, it is necessary 
to make the capacity of the accumulator 8 larger than 
that of the receiver 107 provided at the high pressure 
side. Accordingly, when the refrigerant cycle equip- 
ments are mounted within such narrow space as the in- 
side of a vehicle engine compartment, the mountability 
of the accumulator 108 will be more worsen than the 
receiver 107. 

SUMMARY OF THE INVENTION 

- [001 1 ] In view of the foregoing problems , it is an object 
of the present invention to provide a refrigerant cycle 
system with an improvement structure, which readily 
controls a super-heating degree of refrigerant dis- 
charged from a compressor and a super-heating degree 
at a refrigerant outlet side of an evaporator. 
[0012] It is an another object of the present invention 
to provide a refrigerant cycle system with a compact 
structure, which can improve a cycle efficiency. 
[0013] According to the present invention, in a refrig- 
erant cycle system, a condenser for cooling and con- 
densing refrigerant discharged from a compressor in- 
cludes a first heat exchange unit, a second heat ex- 
change unit at a downstream side of the first heat ex- 
change unit in a refrigerant flow direction, and a gas liq- 
uid separator arranged between the first heat exchange 
unit and the second heat exchange unit in the refrigerant 
flow direction in such a manner that refrigerant dis- 
charged from a compressor is cooled in the first heat 
exchange unit and at least gas refrigerant separated in 
the gas-liquid separator flows into the second heat ex- 
change unit. In the condenser, a refrigerant state flowing 
from the first heat exchange unit to the gas-liquid sep- 
arator is changed in accordance with a super-heating 
degree of refrigerant discharged from the compressor 
to change a liquid refrigerant amount stored in the gas- 
liquid separator. The refrigerant state discharged from 
the compressor is in a super-heating state determined 
by a heat-exchanging amount of the first heat exchange 
unit, and a compression process of refrigerant in the 
compressor is basically an isoentropic change due to 
adiabatic compression. Accordingly, when the super- 
heating degree of refrigerant discharged from the com- 
pressor changes, the refrigerant state from the first heat 
exchange unit to the gas-liquid separator is changed, 
and the amount of liquid refrigerant stored in the gas- 
liquid separator is changed. Thus, the super-heating de- 
gree of refrigerant discharged from the compressor can 
be controlled in a predetermined area : and the super- 
heating degree of refrigerant at an outlet of an evapora- 
tor can be controlled in a predetermined area. 



[0014] Preferably, a communication path through 
which liquid refrigerant stored in the gas-liquid separator 
is introduced into an upstream side of the decompres- 
sion device in the refrigerant flow direction. Accordingly, 

5 it can prevent a refrigerant shortage in the refrigerant 
cycle system, and an oil shortage in the compressor. 
[001 5] On the other hand, the refrigerant cycle system 
has an adjustment member for adjusting an amount of 
liquid refrigerant stored in the gas-liquid separator in ac- 

io cordance with the super-heating degree of refrigerant 
discharged from the compressor, and adjustment mem- 
ber reduces the amount of liquid refrigerant stored in the 
gas-liquid separator when the super-heating degree of 
refrigerant discharged from the compressor increases. 

15 Accordingly, when the super-heating degree of refriger- 
ant discharged from the compressor increases, the 
amount of liquid refrigerant in the gas-liquid separator 
is reduced by the adjustment member, and the flow 
amount of refrigerant circulating in the refrigerant cycle 

20 system is increased. Therefore, it can restrict an in- 
crease of the super- heating degree of refrigerant at the 
outlet of the evaporator and an increase of the super- 
heating degree of refrigerant discharged from the com- 
pressor. Conversely, when the super-heating degree of 

25 refrigerant discharged from the compressor decreases, 
the amount of liquid refrigerant in the gas-liquid separa- 
tor is increased by the adjustment member, and the flow 
amount of refrigerant circulating in the refrigerant cycle 
system is decreased. Therefore, it can restrict a de- 

30 crease of the super-heating degree of refrigerant at the 
outlet of the evaporator and a decrease of the super- 
heating degree of refrigerant discharged from the com- 
pressor. 

[0016] Preferably the first heat exchange unit and the 
35 second heat exchange unit are disposed integrally to 
have a plurality of tubes disposed in parallel with each 
other, through which refrigerant flows. Accordingly, at- 
tachment structure of the first heat exchange unit and 
the second heat exchange unit can be made simple. 
40 More preferably, the gas-liquid separator is disposed to 
be integrated with any one of the first and second header 
tanks. 

[0017] Preferably the adjustment member is a heat- 
ing unit for adjusting a heating amount of liquid refriger- 
45 ant in the gas-liquid separator in accordance with the 
super-heating degree of refrigerant discharged from the 
compressor. Therefore, the amount of liquid refrigerant 
stored in the gas-liquid separator can be readily control- 
led. 

so [0018] In the refrigerant cycle system, refrigerant 
flows through the compressor, a condenser, a decom- 
pression device and the evaporator in this order through 
a main refrigerant passage. The adjustment member in- 
cludes a communication path through which liquid re- 

55 frigerant in the gas-liquid separator returns to the main 
refrigerant passage, and a valve disposed in the com- 
munication path to increase a valve opening degree in 
accordance with an increase of the super-heating de- 
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gree of refrigerant discharged from the compressor. Ac- 
cordingly, the super-heating degree of refrigerant dis- 
charged from the compressor can be readily controlled 
using the adjustment member. 

[0019] The gas-liquid separator can be disposed to 5 
return both gas refrigerant and liquid refrigerant sepa- 
rated from each other in the gas-liquid separator to the 
main refrigerant passage within the condenser. There- 
fore, the structure of the condenser including the gas- 
liquid separator can be made compact. Even in this 10 
case, because the amount of liquid refrigerant stored in 
the gas-liquid separator can be adjusted in accordance 
with the super-heating degree of refrigerant discharged 
from the compressor, the cycle efficient can be im- 
proved. 15 
[0020] The condenser includes an inlet flow path pro- 
vided between the first header tank and the gas-liquid 
separator, through which a part of refrigerant in a refrig- 
erant passage of the condenser is introduced into the 
gas-liquid separator, a gas return passage through 20 
which gas refrigerant within the gas-liquid separator is 
introduced into the refrigerant passage at a downstream 
side position from the inlet flow path in the refrigerant 
flow direction, and a liquid return passage through which 
liquid refrigerant within the gas-liquid separator is intro- 25 
duced into the refrigerant passage at a downstream side 
position from the inlet flow path in the refrigerant flow 
direction. Accordingly, a volume of the gas-liquid sepa- 
rator of the condenser can be made smaller, while the 
super-heating degree of refrigerant discharged from the 30 
compressor can be readily controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Additional objects and advantages of the 35 
present invention will be more readily apparent from the 
following detailed description of preferred embodiment 
when taken together with the accompanying drawings, 
in which: 

40 

FIG. 1 is a schematic diagram showing a refrigerant 
cycle system according to a first preferred embod- 
iment of the present invention; 
FIG. 2 is a Mollier diagram of the refrigerant cycle 
system according to the first embodiment; 45 
FIG. 3 is a characteristic view for explaining opera- 
tion of the refrigerant cycle system according to the 
first embodiment; 

FIG. 4 is a schematic diagram showing a refrigerant 
cycle system according to a second preferred em- so 
bodiment of the present invention; 
FIG. 5 is a schematic diagram showing a refrigerant 
cycle system according to a third preferred embod- 
iment of the present invention; 

FIG. 6 is a graph showing a relationship between a 55 
compressor operation on/off control time and a low 
pressure in a refrigerant cycle system, according to 
the third embodiment; 
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FIG. 7A is a cross-sectional view showing a decom- 
pression device according to a fourth preferred em- 
bodiment of the present invention, and FIG. 7B is a 
cross-sectional view showing a valve opening state 
of a variable throttle valve in FIG. 7A; 
FIG. 8 is a graph showing a relationship between a 
compressor on/off control time and a low pressure 
in a refrigerant cycle system, according to the fourth 
embodiment; 

FIG. 9 is a schematic diagram showing a refrigerant 
cycle system according to a fifth preferred embod- 
iment of the present invention; 
FIG. 10 is a schematic diagram showing a refriger- 
ant cycle system according to a sixth preferred em- 
bodiment of the present invention; 
FIG. 11 is a schematic diagram showing a refriger- 
ant cycle system according to a seventh preferred 
embodiment of the present invention; 
FIG. 12 is a schematic perspective view showing a 
separator-integrated condenser according an 
eighth preferred embodiment of the present inven- 
tion; 

FIG. 13 is a schematic front view showing a sepa- 
rator-integrated condenser according a ninth pre- 
ferred embodiment of the present invention; 
FIG. 14 is an enlarged view of the part indicated by 
XIV in FIG. 13, when a cap member is removed; 
FIG. 15 is an enlarged view corresponding to FIG. 
14, when the cap member is attached; 
FIG. 16 is a schematic perspective view showing a 
separator-integrated condenser according a tenth 
preferred embodiment of the present invention; 
FIG. 17 is a schematic sectional view showing a 
main part of the separator-integrated condenser in 
FIG. 16; 

FIG. 18 is a top view showing a main part of the 
separator-integrated condenser in FIG. 16; 
FIG. 19A is a schematic diagram showing a refrig- 
erant cycle system according to an eleventh pre- 
ferred embodiment of the present invention, and 
FIG. 1 9B is a Mollier diagram of the refrigerant cycle 
system according to the eleventh embodiment; 
FIG. 20 is a schematic diagram showing a refriger- 
ant cycle system according to a twelfth preferred 
embodiment of the present invention; 
FIG. 21 is a schematic diagram showing a refriger- 
ant cycle system according to a thirteenth preferred 
embodiment of the present invention; 
FIG. 22 is a schematic diagram showing a refriger- 
ant cycle system according to a fourteenth pre- 
ferred embodiment of the present invention; 
FIG. 23 is a schematic diagram showing a refriger- 
ant cycle system according to a fifteenth preferred 
embodiment of the present invention; 
FIG. 24 is a schematic diagram showing a refriger- 
ant cycle system according to a sixteenth preferred 
embodiment of the present invention; 
FIG. 25 is a schematic sectional view showing a 
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separator- integrated condenser according a seven- 
teenth preferred embodiment of the present inven- 
tion; 

FIG. 26 is a schematic sectional view showing a 
separator-integrated condenser according an s 
eighteenth preferred embodiment of the present in- 
vention; 

FIG. 27 is a schematic sectional view showing a 
separator-integrated condenser according a nine- 
teenth preferred embodiment of the present inven- 10 
tion; 

FIG. 28 is a schematic sectional view showing a 
separator-integrated condenser according a twen- 
tieth preferred embodiment of the present inven- 
tion; 15 
FIG. 29 is a perspective view showing a main part 
of a separator-integrated condenser in a disassem- 
bled state of a cap member, according a twenty-first 
preferred embodiment of the present invention; 
FIG. 30 is a top view when being viewed from arrow 20 
XXX in FIG. 29; 

FIG. 31 is a cross-sectional view taken along line 
XXXI-XXXI in FIG. 30; 

FIG. 32 is a perspective view showing a main part 
of a separator-integrated condenser in a disassem- 25 
bled state of a cap member, according a twenty- 
second preferred embodiment of the present inven- 
tion; 

FIG. 33 is a top view when being viewed from arrow 
XXXIII in FIG. 32; 30 
FIG. 34 is a cross-sectional view taken along line 
XXXIV-XXXIV in FIG. 33; 

FIG. 35 is a top view showing an integrated struc- 
ture of a tubular body portion of a gas-liquid sepa- 
rator and a header tank, according to a twenty-third 35 
embodiment of the present invention; 
FIG. 36 is a top view showing an integrated struc- 
ture of a tubular body portion of a gas-liquid sepa- 
rator and a header tank, according to a twenty- 
fourth embodiment of the present invention; 40 
FIG. 37 is a schematic sectional view showing a 
separator-integrated condenser according a twen- 
ty-fifth preferred embodiment of the present inven- 
tion; 

FIGS. 38A and 38B are a perspective view and a "*5 
sectional view, respectively, showing a plate mem- 
ber used for the separator- integrated condenser in 
the twenty-fifth preferred embodiment; 
FIG. 39 is a schematic sectional view showing a 
separator-integrated condenser according a twen- so 
ty-sixth preferred embodiment of the present inven- 
tion: 

FIG. 40 is a perspective view showing a plate mem- 
ber used f orthe separator-integrated condenser ac- 
cording to the twenty-sixth embodiment; 55 
FIG. 41 is a schematic sectional view showing a 
separator-integrated condenser according a twen- 
ty-seventh preferred embodiment of the present in- 



vention; 

FIG. 42 is a perspective view showing a plate mem- 
ber used for the separator-integrated condenser ac- 
cording to the twenty-seventh embodiment; 
FIG. 43 is a schematic sectional view showing a 
main part of a separator-integrated condenser ac- 
cording a twenty-eighth preferred embodiment of 
the present invention; 

FIG. 44 is a schematic sectional view showing a 
main part of a separator- integrated condenser ac- 
cording a modification of the twenty-eighth embod- 
iment of the present invention; 
FIG. 45 is a schematic diagram showing a refriger- 
ant cycle system according to a twenty-ninth pre- 
ferred embodiment of the present invention; 
FIG. 46 is a schematic sectional view showing a vol- 
ume chamber of the refrigerant cycle system ac- 
cording to the twenty-ninth embodiment; 
FIG. 47 is a schematic sectional view showing a 
separator- integrated condenser according to a thir- 
tieth preferred embodiment of the present inven- 
tion; 

FIGS. 48A and 48B are a disassembled perspective 
view and a sectional view, respectively, showing a 
main part of the separator-integrated condenser ac- 
cording to the thirtieth embodiment; 
FIGS. 49A and 49B are a disassembled perspective 
view and a sectional view, respectively, showing a 
main part of a separator- integrated condenser ac- 
cording to a thirty-first embodiment of the present 
invention; 

FIG. 50 is a schematic sectional view showing a var- 
iable restrictor (super-cooling control valve) accord- 
ing to a thirty-second embodiment of the present in- 
vention; 

FIG. 51 is a schematic diagram showing a refriger- 
ant cycle system according to a thirty-third preferred 
embodiment of the present invention; 
FIG. 52 is a Mollier diagram of a conventional re- 
frigerant cycle system; and 

FIG. 53 is a Mollier diagram of an another conven- 
tional refrigerant cycle system. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

[0022] Preferred embodiments of the present inven- 
tion will be described hereinafter with reference to the 
accompanying drawings. 

(First Embodiment) 

[0023] FIG. 1 shows a first embodiment when the 
present invention is used for a refrigerant cycle system 
for a vehicle air conditioner. A compressor 1 is belt-driv- 
en by a vehicle engine E through an electromagnetic 
clutch 1a. High-pressure gas refrigerant discharged 
from the compressor 1 flows into a condenser 2 where 
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the gas refrigerant heat-exchanges with outside air to 
be cooled and condensed. 

[0024] The condenser 2 has a first heat exchange unit 
2a and a second heat exchange unit 2b which are pro- 
vided in order of a refrigerant flowing direction. A gas- 
liquid separator 2c for separating gas-liquid of the refrig- 
erant is disposed between the first heat exchange unit 
2a and the second heat exchange unit 2b in the con- 
denser 2. 

[0025] The gas-liquid separator 2c has a long and nar- 
row tank shape extending in a vertical direction, and 
separates gas-liquid of the refrigerant through the use 
of a difference in density between liquid refrigerant and 
gas refrigerant. The gas-liquid separator 2c has a tank 
accumulating the liquid refrigerant in the lower part, and 
supplies the gas refrigerant to the second heat ex- 
change unit 2b. 

[0026] In this respect, the condenser 2 is disposed in 
a region to be cooled by receiving a traveling wind 
caused by traveling of the vehicle, concretely in the front 
extremity or the like within a vehicle engine room, to be 
cooled by the traveling wind and air blown from a cooling 
fan (not shown). 

[0027] The condenser 2 according to the present em- 
bodiment is provided by integrally assembling the first 
heat exchange unit 2a, the second heat exchange unit 
2b and the gas-liquid separator 2c to assemble these 
three parts into single-piece integrated structure by an 
aluminum integral brazing method or the like. 
[0028] However, even if these three parts of the first 
heat exchange unit 2a, the second heat exchange unit 
2b and the gas-liquid separator 2c are constructed indi- 
vidually and these three parts are coupled through the 
use of appropriate piping or the like, the same functions 
are provided. That is, in the first embodiment, such an 
individual type may be used as a matter of course. 
[0029] A decompression device 3 is used for decom- 
pressing the refrigerant passed through the condenser 
2 into a tow-pressure gas-liquid two-phase state. In the 
present embodiment, the decompression device 3 is a 
fixed restrictor (fixed throttle) such as an orifice, a noz- 
zle, and a capillary tube. 

[0030] An evaporator 4 evaporates the low-pressure 
refrigerant from the decompression device 3 by absorb- 
ing heat from air blown from an air conditioning blower 
5. The evaporator 4 is disposed within a case 6 of an 
interior air conditioner, and cool air cooled by the evap- 
orator 4 is temperature-adjusted in a heater core portion 
(not shown) and thereafter is blown out into a passenger 
compartment of the vehicle. The gas refrigerant evapo- 
rated in the evaporator 4 is sucked into the compressor 
1. 

[0031] In order to prevent frosting in the evaporator 4, 
the temperature of the evaporator 4 is controlled to be 
at a predetermined temperature or higher by on-off con- 
trol of an operation of the compressor 1 , control of dis- 
charge capacity of the compressor 1 or the like. 
[0032] Next, an operation of the refrigerant cycle sys- 



tem according to the first embodiment will be now de- 
scribed. FIG. 2 is a Mollier diagram based on the refrig- 
erant cycle system according to the first embodiment. 
When the compressor 1 is driven by the vehicle engine 

5 E, gas refrigerant (a) discharged from the compressor 
1 is in an overheated gas state. This gas refrigerant (a) 
from the compressor 1 first flows into the first heat ex- 
change unit 2a of the condenser 2. In the first heat ex- 
change unit 2a, the gas refrigerant is heat-exchanged 

10 with cooling air (outside air) to radiate heat and flows 
into the gas-liquid separator 2c. 

[0033] In the refrigerant cycle system according to the 
first embodiment, liquid refrigerant is always accumulat- 
ed within the gas-liquid separator 2c to form a gas-liquid 

15 interface. In other words, when overheated gas refrig- 
erant flows from the first heat exchange unit 2a into the 
gas-liquid separator 2c, a port of the accumulated liquid 
refrigerant within the gas-liquid separator 2c is evapo- 
rated. Conversely, when gas-liquid moist gas flows from 

20 the first heat exchange unit 2a into the gas-liquid sepa- 
rator 2c, gas and liquid of the refrigerant are separated 
within the gas-liquid separator 2c, and the liquid refrig- 
erant is accommodated in the gas-liquid separator 2c. 
[0034] Because the gas-liquid interface of the refrig- 

25 erant is always formed within the gas- liquid separator 
2c as described above, the refrigerant (b) within the gas- 
liquid separator 2c is positioned on a saturated gas line 
L1 in the Mollier diagram, and the super-heating degree 
becomes SH=0°C. Thus, saturated gas refrigerant (b), 

30 which has been gas-liquid separated within the gas-liq- 
uid separator 2c, flows into the second heat exchange 
unit 2b of the condenser 2, and exchanges heat with 
cooling air (outside air) to be condensed. 
[0035] The super-cooling degree SC of the refrigerant 

35 (c) at the outlet of the second heat exchange unit 2b is 
determined depending on fluctuations in the cycle oper- 
ating conditions as below. More specifically, because 
the decompression device 3 is constructed by a fixed 
restrictor, the super-cooling degree SC is determined 

40 depending on the flow amount characteristic, a cycle 
high pressure and a cycle refrigerant flow amount. The 
flow amount characteristic is determined based on a 
type of the fixed restrictor. 

[0036] The above-described super-cooled refrigerant 
^5 (c) is next decompressed by the fixed restrictor of the 
decompression device 3 to become low-pressure gas- 
liquid refrigerant (d), this low-pressure refrigerant (d) 
next absorbs heat from air flowing through the case 6 in 
the evaporator 4 to be evaporated, and becomes over- 
50 heated gas refrigerant (e) having the super-heating de- 
gree SH. This overheated gas refrigerant (e) is sucked 
into the compressor 1 to be compressed again. 
[0037] In the refrigerant cycle system according to the 
first embodiment, refrigerant (b) within the gas-liquid 
55 separator 2c located midway in the condenser 2 is main- 
tained in the saturated state on the saturated gas line 
L1 as described above. Therefore, gas refrigerant (a) 
discharged from the compressor 1 is set at an overheat- 
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ed state determined by an amount of heat exchange 
amount (i.e., amount of heat radiation) H1 in the first 
heat exchange unit 2a of the condenser 2. In other 
words, the state of the discharged gas refrigerant (a) is 
determined by an increase or a decrease of the amount 
of heat exchange H1. 

[0038] Because a compression process of refrigerant 
in the compressor 1 is basically an isoentropic change 
due to adiabatic compression, when the state of the dis- 
charged gas refrigerant (a) is determined, the state of 
the refrigerant (e) at the suction-side of the compressor 
1 , that is, the super-heating degree SH of the suction- 
side refrigerant (e) is determined by an isoentropic line 
L3. Accordingly, even if it is assumed that the super- 
heating degree SH of the suction-side refrigerant (e) 
fluctuates depending on fluctuations in the cycle oper- 
ating conditions, the amount of heat exchange H1 of the 
first heat exchange unit 2a is suitably set in advance, 
whereby it becomes possible to control the super-heat- 
ing degree SH of the suction-side refrigerant (e) within 
a range of, for example, 0 to 20°C. 
[0039] More concretely, when the super-heating de- 
gree SH of the discharged gas refrigerant (a) increases, 
the refrigerant, flowing into the gas-liquid separator 2c 
from the first heat exchange unit 2a. enters a super- 
heating area state to decrease the amount of liquid re- 
frigerant accumulated within the gas-liquid separator2c, 
thereby increasing a circulating refrigerant flow amount 
within the cycle. As a result, any increase in the super- 
heating degree SH of the suction-side refrigerant (e) of 
the compressor 1 is restricted. On the other hand, when 
the super-heating degree SH of the discharged gas re- 
frigerant (a) of the compressor 1 decreases, the refrig- 
erant, flowing into the gas-liquid separator 2c from the 
first heat exchange unit 2a, enters a gas-liquid area 
state to increase the amount of liquid refrigerant accu- 
mulated within the gas-liquid separator 2c, thereby de- 
creasing a circulating refrigerant flow amount within the 
cycle. As a result, any decrease in the super-heating de- 
gree SH of the suction-side refrigerant (e) of the com- 
pressor 1 is restricted. Accordingly, the refrigerant cycle 
system adjusts the super-heating degree SH of the dis- 
charged gas refrigerant (a) of the compressor 1 and the 
super-heating degree SH of the suction-side refrigerant 
(e) to predetermined ranges, respectively. 
[0040] According to the first embodiment, the state of 
the discharged gas refrigerant (a) of the compressor is 
determined by the amount of heat exchange H1 of the 
first heat exchange unit 2a as described above. In ad- 
dition, the super-heating degree SH of the suction-side 
refrigerant (e) of the compressor 1 is controlled in ac- 
cordance with the refrigerant discharge state of the com- 
pressor 1 . Therefore, this has the advantage over the 
conventional accumulator cycle even in terms of control 
of the super-cooling degree of the refrigerant (c) at outlet 
of the condenser. 

[0041] More specifically, FIG. 3 is drawn with a rota- 
tion number (rotation speed) of the compressor 1 taken 



on the abscissa and the super-heating degree SH of the 
suction-side refrigerant (e) and circulating refrigerant 
flow amount (mass flow amount) within the cycle on the 
ordinate. As shown in FIG. 3, in an accumulator cycle, 

5 the suction-side refrigerant (e) has the super-heating 
degree SH maintained constant (saturated gas) at 0°C 
irrespective of any variations in the number of revolu- 
tions (rotation speed) of the compressor. 
[0042] In contrast, in the refrigerating cycle of the first 

10 embodiment, when the number of revolutions of the 
compressor is increased with the increase in the engine 
speed, high pressure (high-pressure refrigerant temper- 
ature) is increased to increase a difference in tempera- 
ture between the high-pressure refrigerant and cooling 

is air, whereby the amount of heat exchange H1 of the first 
heat exchange unit 2a is increased. Therefore, the su- 
per-heating degree SH of the suction-side refrigerant (e) 
of the compressor is increased to increase the specific 
volume of the refrigerant (e) sucked by the compressor. 

20 Accordingly, in the first embodiment, an increasing rate 
of the refrigerant flow amount resulting from the in- 
crease in the number of revolutions of the compressor, 
becomes smaller than the accumulator cycle. 
[0043] This means that the increasing rate of the re- 

25 quired amount of radiation by the condenser due to the 
increase in the number of revolutions of the compressor 
becomes smaller than the accumulator cycle. As a re- 
sult, the increase in the high pressure (super-cooling de- 
gree SC of refrigerant at outlet of the condenser), when 

30 the number of revolutions of the compressor is in- 
creased, is restricted. Accordingly, it is possible to re- 
strict an increase in the compressor driving power. 



(Second Embodiment) 



35 



[0044] FIG. 4 shows a refrigerant cycle system for a 
vehicle air conditioner according to the second embod- 
iment, and the refrigerant cycle system of the second 
embodiment is different from the f irst embodiment in that 

40 a decompression device 30 is constructed by a variable 
restrictor instead of the fixed restrictor. In this decom- 
pression device 30, there is provided a valve driving 
mechanism 30a for operating in response to the refrig- 
erant state at an upstream side, that is, the high-pres- 

45 sure side refrigerant state (refrigerant temperature and 
refrigerant pressure) so that a restriction opening de- 
gree of a valve element 30b is made to be changed in 
response to the high-pressure side refrigerant state by 
the valve driving mechanism 30a. 

so [0045] According to the second embodiment, be- 
cause the restriction opening degree of the decompres- 
sion device 30 can be adjusted in response to the high- 
pressure side refrigerant state to enlarge the adjustment 
range for the refrigerant flow amount, it is possible to 

55 reduce the width of change in the super-cooling degree 
SC of the refrigerant (c) at the outlet of the condenser 2 
more than in the case of the fixed restrictor, and to con- 
trol the super-cooling degree SC of the refrigerant (c) at 



7 



ISDOCID: <EP U50076A2_I_> 



EP1 150 076 A2 



the outlet of the condenser 2 within a range desirable 
for the cycle efficiency. As a result in the second em- 
bodiment, the cycie efficiency can be improved as com- 
pared with the fixed restrictor. In the second embodi- 
ment, the other part is similarto those of the above-de- 
scribed first embodiment. 

(Third Embodiment) 

[0046] In the third embodiment, in order to prevent 
frosting in the evaporator4, the temperature of the evap- 
orator 4 is controlled to exceed a predetermined tem- 
perature by on-off control of the operation of the com- 
pressor 1 . 

[0047] FIG. 5 shows a third embodiment, and a tem- 
perature sensor (thermistor) 10 for detecting tempera- 
ture Te of the evaporator 4 is provided within the case 
6. The temperature Te of blown-out air from the evapo- 
rator 4 is detected by the temperature sensor 1 0, and a 
detection signal from the temperature sensor 10 is in- 
putted into an electronic control unit 11 (ECU). When 
the actual temperature Te of the evaporator 4 lowers to 
a predetermined stop-side temperature T1 (for exam- 
ple, 3°C), this fact is determined by the electronic control 
unit 1 1 , and an OFF-signal of the electromagnetic clutch 
1 a is generated from the electronic control unit 11 . This 
signal makes the electromagnetic clutch 1a to a disen- 
gaged state, and the compressor 1 is stopped (turned 
off). 

[0048] On the other hand, when the actual tempera- 
ture Te of the evaporator 4 rises to a predetermined op- 
eration-side temperature T2 (for example, 4°C) be- 
cause of the stop of the compressor 1 , this fact is deter- 
mined by the electronic control unit 1 1 , and an ON-signal 
of the electromagnetic clutch 1 a is generated. This ON- 
signal makes the electromagnetic clutch 1a to an en- 
gaged state, and the compressor 1 returns to an oper- 
ating (ON) state. 

[0049] As described above, the operation of the com- 
pressor 1 is interrupted in response to the temperature 
Te of the evaporator 4, whereby the temperature Te of 
the evaporator 4 is maintained to exceed the predeter- 
mined stop-side temperature T1 , and it possible to pre- 
vent frosting of the evaporator 4. In this respect, the tem- 
perature difference (for example, 1 °C) between the pre- 
determined stop-side temperature T1 and the predeter- 
mined operation-side temperature T2 is hystresis width 
for preventing hunting. 

[0050] In a case where there is performed such con- 
trol as to maintain the temperature of the evaporator 4 
to exceed a predetermined temperature by the on-off 
control of the operation of the compressor 1 as de- 
scribed above, in a comparison accumulator cycle CO 
shown in FIG. 6, because liquid refrigerant is always ac- 
cumulated within the accumulator, when the compres- 
sor 1 is started again from a stopped state, the liquid 
refrigerant within the accumulator is evaporated to be 
sucked into the compressor 1 . Therefore, it is difficult to 



decrease the low-pressure side refrigerant pressure. As 
a result, after re-start of the compressor 1 , it is difficult 
to lower the temperature Te of the evaporator 4, and the 
operating (ON) time of the compressor 1 becomes long- 
5 er to increase the driving power of the compressor 1 in 
the accumulator refrigerant cycle CO. 
[0051 ] In contrast, according to the refrigerating cycle 
C1 of the first to third embodiments, since there is pro- 
vided the gas-liquid separator 2c at the high pressure 
10 side and there is provided no an accumulator at the re- 
frigerant suction side of the compressor 1 , when the on- 
off control of the operation of the compressor 1 is per- 
formed, any extension of the operating (ON) time of the 
compressor 1 resulting from the evaporation of the liquid 
*s refrigerant within the accumulator does not occur, but 
the driving power of the compressor 1 can be reduced 
in the refrigerant cycle CI , as compared with the accu- 
mulator refrigerant cycle CO. 

[0052] FIG. 6 shows a low-pressure behavior result- 
ing from the on-off control of the operation of the com- 
pressor 1 . In FIG. 6, the solid line graph indicates the 
low-pressure behavior in the refrigerating cycle C1 ac- 
cording to the present invention (first to third embodi- 
ments), and the broken line graph indicates the low- 
pressure behavior in the accumulator refrigerating cycle 
CO. As shown in FIG. 6, the operating (ON) time of the 
compressor 1 can be reduced in the refrigerant cycle 
C1 , as compared with the accumulator refrigerant cycle 
CO. 

[0053] In the third embodiment, the other parts are 
similarto those of the above-described first embodiment 
of the present invention. 

(Fourth Embodiment) 

[0054] The fourth embodiment indicates a concrete 
example of the decompression device 30 constructed 
by a variable restrictor for changing the restriction open- 
ing degree in response to the state of high-pressure side 
refrigerant according to the second embodiment (FIG. 
4). FIG. 7A exemplifies a decompression device 30 ac- 
cording to the fourth embodiment, and refrigerant piping 
300 is arranged between the outlet side of the condens- 
er 2 and the inlet side of the evaporator 4 in FIG. 4. The 
refrigerant piping 300 is normally formed of metal such 
as aluminum. Within the refrigerant piping 300, there is 
incorporated a body member 301 of the decompression 
device 30. This body member 301 is formed into a sub- 
stantially cylindrical shape using, for example, resin, 
and is positioned by a stopper 302 within the refrigerant 
piping 300. 

[0055] In a concave groove 303 on an outer peripheral 
surface of the body member 301 , a sealing O-ring 304 
is held, and the O-ring 304 is pressed onto an inner wall 
surface of the refrigerant piping 300, whereby the body 
member 301 is held at a predetermined position by the 
stopper 302. 

[0056] The decompression device 30 is constructed 
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within the body member 301 , and roughly has the fol- 
lowing three elements. That is, the first element of the 
decompression device 30 is a differential -type variable 
throttle valve 305 arranged upstream in a refrigerant 
flowing direction A, the second element of the decom- 
pression device 30 is a fixed restrictor 306 arranged 
downstream the variable throttle valve 305. and the third 
element of the decompression device 30 is an interme- 
diate space (entrance space) 307 provided between the 
variable throttle valve 305 and the fixed restrictor 306. 
[0057] The variable throttle valve 305 has a fixed 
valve seat 308, a valve element 309 which can move 
with respect to the fixed valve seat 308, and a compres- 
sion coil spring 310 as spring rneans for exerting a 
spring force in the direction that closes the valve on this 
valve element 309, 

[0058] The fixed valve seat 308 has a cylindrical col- 
umn-shaped supporting portion 311 at its central por- 
tion, and this cylindrical column-shaped supporting por- 
tion 31 1 is, on the outer periphery side, formed with plu- 
ral communication holes 312. The fixed valve seat 308 
is fastened and fixed on the inner peripheral surface of 
an upstream end portion of the body member 301 by 
means of screws or the like. In this respect, a position 
where the fixed valve seat 308 is fastened to the body 
member 301 is adjusted, whereby the spring force (set 
load) of the coil spring 310 can be adjusted. 
[0059] The valve element 309 has a cylindrical shape. 
At a central portion of the valve element 30, there is 
formed a restriction passage 313 including a circular 
hole with a small diameter. An interval between the up- 
stream end portion of the valve element 309 and the cy- 
lindrical column-shaped supporting portion 311 of the 
fixed valve seat 308 is changed, whereby the opening 
area at an inlet of the restriction passage 313 is adjust- 
ed. 

[0060] Because a difference in pressure between in 
front of and backside of the valve element 309 acts on 
the valve element 309 as a force in the direction that 
opens the valve and the spring force of the coil spring 
310 acts on the valve element 309 as a force in the di- 
rection that closes the valve, the valve element 309 
makes a displacement in the axial direction in such a 
manner that the difference in pressure between in front 
of and backside of the valve element 309 is maintained 
at a predetermined value determined by the spring force 
of the coil spring 31 0 to adjust the opening area at the 
inlet of the restriction passage 313. In other words, the 
variable throttle valve 305 is used as a constant differ- 
ential pressure regulating valve. FIG. 7B shows a state 
in which the valve element 309 makes a displacement 
toward the coil spring 310 to open the valve. 
[0061] The fixed restrictor 306 is formed at the ex- 
treme downstream end portion of the body member 301 , 
and its restriction shape is a nozzle shape having a grad- 
ually-tapered passage shape with a circular arc cross- 
section. The intermediate space 307 is used to enlarge 
a refrigerant flow jetted from the restriction passage 3 1 3 



in the variable throttle valve 305 larger than the cross- 
sectional area of the passage of the fixed restrictor 306. 
Accordingly, the velocity of flow of the refrigerant is 
made uniform by mixing a high velocity portion of the 
5 jetted refrigerant flow with a low velocity portion, thereby 
reliably exhibiting the restriction operation based on the 
original flow amount characteristics of the fixed restrictor 
306. 

[0062] At the extreme upstream end portion of the 

10 body member 301 , a filter member 31 4 is arranged. This 
filter member 314 is used to prevent the minute restric- 
tion passage in the decompression device 30 from being 
clogged by catching foreign matter such as metallic 
chips contained in the refrigerant. 

15 [0063] According to the decompression device 30 of 
the fourth embodiment, the variable throttle valve 305 
for performing the restriction on the previous stage con- 
stitutes the constant differential pressure regulating 
valve as described above . In addition, because the dif- 

20 ferential pressure between in front of and backside of 
the variable throttle valve 305 is reduced when the com- 
pressor 1 is stopped (OFF), the valve element 309 in 
the variable throttle valve 305, is pressed against the cy- 
lindrical column-shaped supporting portion 311 of the 

25 fjxed valve seat 308 by the spring force of the coil spring 
310 as shown in FIG. 7A so that the variable throttle 
valve 305 enters a valve closed state. 
[0064] For this reason, in the refrigerating cycle, it is 
possible to prevent the refrigerant from flowing from the 

30 high pressure side to the low pressure side by closing 
the variable throttle valve 305 when the compressor 1 
is stopped, whereby a rise in low pressure during the 
stop of the compressor 1 can be delayed. As a result, 
the driving power of the compressor 1 can be further 

35 reduced as compared with a case where the decom- 
pression device 3 is constituted of a fixed restrictor as 
in the first embodiment, by extending the stop time of 
the compressor 1 . 

[0065] FIG. 8 shows a low-pressure behavior with on- 
40 off control of the operation of the compressor 1 . In FIG. 
8, C2 indicates a case when the decompression device 
30 is constituted of the differential variable throttle valve 
305 as in the fourth embodiment, C1 indicates a case 
when the decompression device 3 is constituted of a 
45 fixed restrictor as in the first embodiment, and CO indi- 
cates a case of a comparison accumulator refrigerant 
cycle. As can be seen from FIG. 8, according to the 
fourth embodiment, in addition to reduce the operating 
(ON) time of the compressor 1 as compared with the 
50 accumulator cycle, the stop time of the compressor 1 
can be extended, and therefore, the driving power there- 
of can be reduced most effectively. 



55 



(Fifth Embodiment) 

[0066] In the fifth embodiment, shortages of refriger- 
ant within cycle is prevented, and oil return property to 
the compressor 1 is improved. 
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[0067] According to the present inventor's experiment 
and study, it has been found out that liquid refrigerant is 
prone to accumulate within the gas-liquid separator 2c 
for the following reason in a refrigerating cycle system. 
Firstly, on condition that the cooling heat load is high like 5 
in high temperatures in summer, there is distribution of 
outside air blown to the condenser 2. Especially, if only 
the cooling effect of the first heat exchange unit 2a is 
increased, the amount of refrigerant condensation in the 
first heat exchange unit 2a is increased so that the liquid 10 
refrigerant is prone to accumulate within the gas-liquid 
separator 2c. Secondly, the gas refrigerant within the 
gas-liquid separator 2c is cooled and condensed by heat 
exchange with ambient atmosphere, whereby the liquid 
refrigerant is prone to accumulate within the gas-liquid is 
separator 2c. 

[0068] As a result, there is a possibility that circulating 
refrigerant flow amount within the cycle is insufficient (in- 
sufficient cooling ability), and the oil return property to 
the compressor 1 is worsen to adversely affect the lu- 20 
bricity in the compressor 1 . 

[0069] Thus, in thefifth embodiment, as shown in FIG. 
9, there is provided a liquid returning communication 
path 12 for communicating between the lower portion 
(base portion) of the gas-liquid separator 2c and the 25 
downstream side of the condenser 2 (upstream of the 
decompression device 3). 

[0070] Thereby, the liquid refrigerant and oil within the 
gas-liquid separator 2c can be directly flowed back with- 
in the cycle through the communication path 12, and 30 
therefore, the insufficient circulating refrigerant flow 
amount within the cycle and insufficient oil return to the 
compressor 1 can be prevented. In the fifth embodi- 
ment, the other parts are similar to those of the above- 
described first embodiment. 35 

(Sixth Embodiment) 

[0071] The sixth embodiment is a modification of the 
above-described fifth embodiment. In the sixth embod- 40 
iment, as shown in FIG. 10, a U-shaped suction tube 13 
is provided within the gas-liquid separator 2c, and a tip 
end opening 13a of the suction tube 13 is arranged in a 
gas refrigerant area in the upper portion within the gas- 
liquid separator 2c in such a manner that the gas ref rig- 4s 
erant in the upper portion within the gas-liquid separator 
2c can be sucked through the tip end opening 13a. In 
the U-shaped bottom portion of the suction tube 13, a 
communication hole (oil return hole) 13b for sucking the 
liquid refrigerant and oil os provided. so 
[0072] Thereby, liquid refrigerant and oil in the lower 
portion within the gas-liquid separator 2c are sucked 
through the communication hole 13b, and it is possible 
to prevent any insufficient circulating refrigerant flow 
amount within the cycle and insufficient oil returning to 55 
the compressor 1 . Accordingly, the suction tube 13 also 
functions as the communication path 1 2 of the fifth em- 
bodiment. As a result, an advantage similar to that of 



the above-described fifth embodiment can be obtained. 
In the sixth embodiment, the other parts are similar to 
those of the above-described first embodiment. 

(Seventh Embodiment) 

[0073] The seventh embodiment is also a modifica- 
tion of the fifth embodiment. In the seventh embodiment, 
as shown in FIG. 11, a restriction portion 14 for setting 
an amount of liquid refrigerant circulating in the cycle is 
provided in the liquid returning communication path 12. 
[0074] More specifically, the amount of liquid refriger- 
ant (oil amount) flowing back from the communication 
path 12 into the cycle must be normally changed in ac- 
cordance with size of the cycle (amount of refrigerant 
filled within the cycle). If the refrigerant passage pres- 
sure loss In the heat exchange unit 2b of the condenser 
2 is high, the amount of flow-back liquid refrigerant (oil 
amount) from the communication path 12 becomes 
great even at the same passage area. Accordingly, it is 
necessary to change the passage area of the commu- 
nication path 12 correspondingly to the size of the cycle 
and the refrigerant passage pressure loss in the second 
heat exchange unit 2b. 

[0075] Thus, in the seventh embodiment, the commu- 
nication path 12 is provided with a restriction portion 14, 
and the restriction opening area of the restriction portion 
14 is appropriately set, whereby an optimum flow-back 
liquid refrigerant amount (oil amount) can be easily set. 
[0076] As the restriction portion 14, a fixed restrictor 
such as an orifice and a capillary tube can be used. In 
place of the fixed restrictor, a variable restrictor with a 
restriction opening area capable of being adjusted may 
be used. 

(Eighth Embodiment) 

[0077] The eighth embodiment relates to a separator- 
integrated condenser where the gas-liquid separator 2c 
is integrated with the condenser 2. With reference to 
FIG. 12, the whole structure of a separator-integrated 
condenser 2 according to the eighth embodiment will be 
now described. The separator-integrated condenser 2 
has a heat exchange portion including a plurality of flat 
tubes 15 extending in the horizontal direction to define 
refrigerant passages, and corrugate fins 16 connected 
to the fiat tubes 15, A first heat exchange unit 2a is con- 
structed at the upper side of the heat exchange portion 
of the separator-integrated condenser 2, and a second 
heat exchange unit 2b is constructed at the lower side 
thereof. 

[0078] On the lateral sides of these both heat ex- 
change units 2a and 2b, header tanks (side tanks) 17 
and 18 extending in the vertical direction are disposed. 
Each internal space of the header tank 17, 18 is parti- 
tioned up and down at least by one partition plate 19, 
20. The left and right end portions of the flat tubes 15 
are communicated to the interiors of the header tanks 
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17 and 18, respectively. 

[0079] A gas-liquid separator 2c having a long and 
narrow tank shape extending in the vertical direction is 
integrally connectedto the header tank 18, and an upper 
space of the header tank 18 communicates to an upper 
space of the gas-liquid separator2c through a first com- 
munication path 21 . An upper gas refrigerant area within 
the gas-liquid separator 2c communicates to an upper 
portion of lower space of the header tank 1 8 through a 
second communication path 22. Further, a liquid-refrig- 
erant accumulating area within the gas-liquid separator 
2c communicates with a lower portion within a lower 
space of the header tank 18 through a third communi- 
cation path 23. 

[0080] Refrigerant discharged from the compressor 1 
passes through the flat tubes 15 of the first heat ex- 
change unit 2a in the horizontal direction as indicated 
- by an arrow (a) via the upper space of the header tank 
1 7 from an inlet joint 24, and flows into the upper space 
of the header tank 18. Thus, refrigerant passes through 
the first communication path 21 from the upper space 
of the header tank 1 8 as indicated by an arrow (b), and 
flows into the upper space within the gas-liquid separa- 
tor 2c. Gas and liquid of the refrigerant are separated 
because of a difference in density within the gas-liquid 
separator 2c, the liquid refrigerant accumulates at the 
lower side within the gas-liquid separator 2c, and the 
gas refrigerant is collected at the upper side of the gas- 
liquid separator 2c. 

[0081] The gas refrigerant within the gas-liquid sepa- 
rator 2c passes through the second communication path 
22 as indicated by an arrow (c) to flow into the lower 
space of the header tank 18, and thereafter, passes 
through the flat tubes 15 of the second heat exchange 
unit 2b as indicated by an arrow (d) to flow into the lower 
space of the header tank 17. In addition, the liquid re- 
frigerant, which accumulates on the lower side within the 
gas-liquid separator 2c. passes through the third com- 
munication path 23 as indicated by an arrow (e) to flow 
into the lower space of the header tank 1 8 , further pass- 
es through the flat tubes 1 5 of the second heat exchange 
unit 2b as indicated by an arrow (d) to flow into the lower 
space of the headertank 1 7. The refrigerant in the lower 
space of the headertank 1 7 is discharged from the con- 
denser 2 through an outlet joint 25 toward the decom- 
pression device 3. 

[0082] According to the eighth embodiment, the first 
and second heat exchange units 2a and 2b, and the gas- 
liquid separator 2c can be integrated to form the sepa- 
rator-integrated condenser 2, and the first and second 
heat exchange units 2a and 2b, and the gas-liquid sep- 
arator 2c can be effectively assembled in low cost by 
means of integral brazing method of aluminum or the 
like. 

[0083] Moreover, in addition, with such exceedingly 
simple structure that there are only provided the gas- 
liquid separator 2c and the third communication path 23 
penetrating through the wall surface of the header tank 




18, the liquid refrigerant within the gas-liquid separator 
2c can be returned to the second heat exchange unit 2b. 

(Ninth Embodiment) 

5 

[0084] In the ninth embodiment, a separator-integrat- 
ed condenser 2 as in the eighth embodiment is de- 
scribed. The ninth embodiment facilitates an adjustment 
of the passage opening area in the third communication 
10 path 23 used as the communication path for returning 
the liquid refrigerant. 

[0085] FIGS. 13 to 15 show the ninth embodiment, 
and FIG. 14 is an enlarged view of the XIV portion of 
FIG. 13 showing a removal state of a cap member 26. 

15 FIG. 15 is an enlarged view corresponding to FIG. 14 
when the cap member 26 is mounted. Since the entire 
structure (structure of refrigerant passage) of the sepa- 
rator-integrated condenser 2 of the ninth embodiment is 
the same as in the eighth embodiment, the description 

20 will be omitted. 

[0086] In the ninth embodiment, at the lower end por- 
tion of the gas-liquid separator 2c, a detachable cap (lid) 
member 26 is provided. This cap member 26 has a male 
screw portion 27, and the male screw portion 27 is dis- 

25 posed to be fastened and fixed to a female screw portion 
28 provided on the inner peripheral wall surface of the 
lower end portion of the gas-liquid separator 2c. 
[0087] In the cap member 26, on the outer peripheral 
surface of a cylindrical column portion 29 immediately 

30 above the male screw portion 27, a sealing o-ring 30 is 
fitted in and mounted. Further, a cylindrical portion 31 is 
provided immediately above this cylindrical column por- 
tion 29, and a sealing O-ring 32 is also fitted in and 
mounted on the outer peripheral surface of this cylindri- 

35 cal portion 31 . These both O-rings 30 and 32 are elas- 
tically pressed against the inner peripheral surface at 
the lower end of the gas-liquid separator 2c, whereby 
sealing between the inner peripheral wall surface at the 
lower end of the gas-liquid separator 2c and the cap 

40 member 26 is maintained. 

[0088] At the upper end portion of the cylindrical por- 
tion 31 , a filter 33 for removing foreign matter is integrally 
provided. The filter 33 is constructed of, for example, a 
cylindrical reticulate member, and the liquid refrigerant, 

45 which accumulates at the lower side within the gas-liq- 
uid separator 2c, passes through a net portion at the 
upper end of the filter 33 and a net portion having a cy- 
lindrical surface as indicated by arrows (f) in FIG. 15, 
whereby foreign matter in the liquid refrigerant can be 
so removed. 

[0089] The liquid refrigerant passed through the filter 
33 flows downward in an inside passage 31 a of the cy- 
lindrical portion 31 as indicated by an arrow (g) of FIG. 
15. On the wall surface of the cylindrical portion 31, a 
55 communication path (hole) 23a facing the headertank 
18 is formed. On the other hand, on the lower wall sur- 
face between the gas-liquid separator 2c and the header 
tank 1 8, there is formed a communication path (hole) 
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23b at regions opposite to this communication path 23a. 
Through these coth communication paths 23a and 23b, 
the inside passage 31a of the cylindrical portion 31 is 
communicated to the lower portion within the header 
tank 18. 

[0090] Accordingly, the liquid refrigerant in the inside 
passage 31 a of the cylindrical portion 31 passes through 
both communication paths 23a and 23b as indicated by 
an arrow (e) to flow into the lower portion within the 
header tank 18. In other words, both communication 
paths 23a and 23b of the ninth embodiment construct 
the communication path 23 of FIG. 12 described in the 
eighth embodiment. 

[0091] in this case, because a passage area of the 
communication path 23a at the side of the cap member 
26 is made sufficiently smaller than a passage area of 
the communication path 23b at the side of the gas-liquid 
separator 2c and the header tank 1 8, an amount of the 
liquid refrigerant, which flows back from the gas-liquid 
separator 2c to the header tank 1 8, can be set by the 
passage area of the communication path 23a substan- 
tially at the side of the cap member 26. 
[0092] Because the cap member 26 is a separate 
component which is attachable to or detachable from 
the gas-liquid separator 2c, the passage area of the 
communication path 23a is changed by replacing only 
the cap member 26, whereby it is possible to easily set 
an optimum amount of flow-back liquid refrigerant for 
each refrigerating cycle. Moreover, because the filter 33 
is also integrally provided to the cap member 26, the 
filter structure and the structure of a passage for flowing 
back the liquid refrigerant can be made integrally in one 
cap member 26, making it possibieto simplify the struc- 
ture, and assembly of the filter 33 to the gas-liquid sep- 
arator 2c can be simply performed. Further, it is possible 
to easily inspect and replace the filter 33. 
[0093] In this respect, at the upper part of the fitter 33 
of the cap member 26, there is arranged a desiccant 34 
for water absorption. This desiccant 34 can be removed 
out of the gas-liquid separator 2c by removing the cap 
member 26. 

(Tenth Embodiment) 

[0094] The tenth embodiment relates to a structure for 
improving a gas-liquid separating operation in the gas- 
liquid separator 2c. FIGS. 16 to 1 8 show the tenth em- 
bodiment of the present invention. In the tenth embodi- 
ment, the parts of the separator-integrated condenser, 
similar to those in the eighth and ninth embodiments, 
are designated by the identical reference numerals and 
the description thereof will be omitted. 
[0095] In the tenth embodiment, an inlet port 35, 
through which the refrigerant within the space above a 
partition plate 20 (FIG. 1 7) of the header tank 1 8 flows 
into the gas-liquid separator 2c, is decentered (shifted) 
from the center of the gas-liquid separator 2c as shown 
in FIG. 18 in such a manner that the refrigerant flows 



into the gas-liquid separator 2c from a tangential direc- 
tion (h) of the cylindrical inner peripheral surface. There- 
by, in the upper part within the gas-liquid separator 2c, 
the refrigerant forms a gyrating flow (i) along the cylin- 

5 drical inner peripheral surface. 

[0096] In this respect, FIGS. 17 and 18 show a con- 
necting tube 35a, through which the refrigerant within 
space above the partition plate 20 (FIG. 1 7) of the head- 
er tank 18 is introduced to an in let port 35. However, this 

10 connecting tube 35a is only shown simply in order to 
facilitate understanding the structure of FIGS. 17 and 
1 8, In fact, it is possible to adopt an integrated structure 
(See FIGS. 12 to 15) of the separator-integrated con- 
denser 2 by directly joining the outer peripheral wall sur- 

is face of the gas-liquid separator 2c with that of the header 
tank 18. In this case, it is needed to provide the gas- 
liquid separator 2c with the inlet port 35, and to provide 
the header tank 1 8 with a communication hole commu- 
nicating to the inlet port 35. 

20 [0097] On the other hand, in the upper part within the 
gas-liquid separator 2c, a gas return tube 36 is arranged 
to extend in the vertical direction in the central portion 
of the gyrating flow i. A lower end portion of the gas re- 
turn tube 36 is opened at the central portion of the gas- 

25 liquid separator 2c in the cross section. The upper por- 
tion of the gas return tube 36 penetrates through the up- 
per surface portion of the gas-liquid separator 2c to be 
positionedto the outside, and the gas return tube 36 po- 
sitioned to the outside is bent downward and communi- 

30 cates to the interior of the header tank 1 8 at a position 
(See FIG. 17) lower than the partition plate 20. 
[0098] Accordingly, in the tenth embodiment, the por- 
tion of the inlet port 35 can be used as the first commu- 
nication path 21 of FIG. 12, and the gas return tube 36 

35 is used as the second communication path 22 of FIG. 
1 2. In the vicinity of the bottom portion of the gas-liquid 
separator 2c, the third communication path 23 for re- 
turning the liquid refrigerant, similar to the third commu- 
nication path 23 of FIG. 12, is provided. 

40 [0099] According to the tenth embodiment, the refrig- 
erant, which has passed through the first heat exchange 
unit 2a in the upper part of the separator-integrated con- 
denser 2 to be cooled, passes through the upper space 
of the header tank 1 8 to flow into the gas-liquid separator 

45 2c from the tangential direction h (FIG. 1 8) of the cylin- 
drical inner peripheral surface through the inlet port 35. 
Thereby, in the upper part within the gas-liquid separator 
2c, the refrigerant flowing therein forms the gyrating flow 
(i) along the cylindrical inner peripheral surface of the 

50 gas-liquid separator 2c. 

[01 00] This gyrating flow (i) makes a centrifugal force 
act on the refrigerant flow, the liquid refrigerant and oil 
having high density are pressed against the inner pe- 
ripheral surface of the gas-liquid separator 2c, and fall 

55 down along the inner peripheral surface thereof as 
shown in FIG. 1 7. In contrast, the gas refrigerant having 
low density collects to the central portion of the gas-liq- 
uid separator 2c, and therefore, only the gas refrigerant 
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can be sucked through the opening at the lower end of 
the gas return tube 36. 

[0101] Because the gas and liquid of the refrigerant 
flowing through the inlet port 35 are forcibly separated 
using the centrifugal force of the gyrating flow I as de- 
scribed above, it is possible to reliably separate the gas 
and liquid of the refrigerant flowing into the gas-liquid 
separator 2c even if the tank capacity of the gas-liquid 
separator 2c is small. 

[0102] Thus, the gas refrigerant in the gas return tube 
36 flows into the second heat exchange unit 2b via the 
lower space of the header tank 18, and is condensed 
and cooled again. Here, a part of the liquid refrigerant, 
which accumulates in the lower part within the gas-liquid 
separator 2c, passes through the third communication 
path 23 to flow into the lower space of the header tank 
18. In the lower space of the header tank 1 8, liquid re- 
frigerant mixes with the gas refrigerant, and thereafter, 
the mixed refrigerant flows into the second- heat ex- 
change unit 2b. The refrigerant, which has condensed 
in the second heat exchange unit 2b. goes out of the 
condenser 2 from an outlet joint 25 through the lower 
space of the headertank 17, toward the side of the de- 
compression device 3. 

(Eleventh Embodiment) 

[0103] In a refrigerant cycle system, when a large 
quantity of the liquid refrigerant accumulates within the 
gas-liquid separator 2c and the shortage of the refriger- 
ant circulating in the cycle occur, the super-heating de- 
gree of the refrigerant at the outlet of the evaporator 4 
becomes excessive, and the super-heating degree of 
the refrigerant discharged from the compressor 1 also 
becomes excessive. Thus, in the eleventh embodiment, 
the super-heating degree of the refrigerant discharged 
from the compressor 1 is directly introduced into the 
gas-liquid separator 2c to adjust the amount of the liquid 
refrigerant accumulating within the gas-liquid separator 
2c, whereby the super-heating degree of the refrigerant 
discharged from the compressor 1 is controlled. 
[0104] FIG. 19A shows a refrigerating cycle of the 
eleventh embodiment, and changes the structure of re- 
frigerant passage to the gas-liquid separator 2c as be- 
low. There is provided an inlet flow path 37 through 
which a part of the refrigerant at a point in the refrigerant 
passage (cycle main passage) of the condenser 2 flows 
(bypasses) into the upper part within the gas-liquid sep- 
arator 2c. A position 37a, where this inlet flow path 37 
is taken out, is set to a position where gas-liquid refrig- 
erant in a predetermined dryness area midway in the 
refrigerant passage of the condenser 2 flows during a 
steady operation of the refrigerating cycle. A refrigerant 
flow amount to be branched into the inlet flow path 37 
is as small a quantity as, for example, about 1 0% to the 
entire flow amount. 

[01 05] The gas return passage 36 corresponds to the 
gas return tube 36 of FIGS. 1 6 to 1 8, and is used to take 



out the gas refrigerant in the upper part within the gas- 
liquid separator 2c to return it to a downstream refriger- 
ant passage (to be described later) of the condenser 2. 
The liquid returning communication path 12 corre- 

5 sponds'to the communication path 12of FIGS. 9 and 11 
and the third communication path 23 of FIG. 1 6 and the 
like, and is used to take out the liquid refrigerant in the 
lower part within the gas-liquid separator 2c to an out- 
side of the gas-liquid separator to return it to a down- 

10 stream refrigerant passage of the condenser 2. 

[0106] The gas return passage 36 and the liquid-re- 
turning liquid communication path 1 2 are joined into one 
passage 38, and this passage 38 is connected to a re- 
frigerant passage of the condenser 2 at a predetermined 

is position 38a downstream by a predetermined distance 
from the taken-out position 37a. However, the gas return 
passage 36 and the liquid returning communication path 
12 do not join, but can be connected to the refrigerant 
passage of the condenser 2, individually. 

20 [0107] Because there is provided a refrigerant pas- 
sage having predetermined length between the prede- 
termined position 38a and the refrigerant passage outlet 
of the condenser 2, the refrigerant, which has flowed into 
the refrigerant passage of the condenser 2 from the pas- 

25 sage 38, is cooled again. 

[0108] Therefore, in the present embodiment, a heat 
exchange portion of the condenser 2 is partitioned into 
a first heat exchange unit 2d between an inlet joint 24 
and a position 37a, a second heat exchange unit 2e be- 

30 tween the position 37a and a position 38a, and a third 
heat exchange unit 2f between the position 38a and an 
outlet joint 25. Of course, if the condenser structure is 
arrange such that a predetermined pressure loss can 
be secured between the position 37a and the position 

35 38a, there can be adopted the structure in which the sec- 
ond heat exchange unit 2e between the position 37a and 
the position 38a is not provided. 
[0109] Further, as a special feature of the eleventh 
embodiment, a discharged refrigerant bypass passage 

40 39 through which a part of the refrigerant (overheated 
gas refrigerant) discharged from the compressor 1 is 
branched and is directly introduced into the upper part 
within the gas-liquid separator 2c is provided. A refrig- 
erant flow amount to be branched to the discharged re- 

45 frigerant bypass passage 39 is also as small a quantity 
as, for example, about 10% to the entire flow amount, 
similarly to the branched flow amount to the inlet flow 
path 37. 

[0110] Next, the description will be made of an oper- 
so ation of the refrigerating cycle system of the eleventh 
embodiment. When a transitional state immediately af- 
ter starting of the refrigerating cycle is completed to shift 
to a steady state, a ratio of a flow amount of gas-liquid 
refrigerant in a predetermined dryness area from the in- 
55 let flow path 37 to a flow amount of the refrigerant from 
the discharged refrigerant bypass passage 39, and a ra- 
tio of a flow amount of gas refrigerant from the gas return 
passage 36 to a flow amount of liquid refrigerant from 
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the communication path 12 are set to appropriate val- 
ues, respectively, and a stable liquid surface is formed 
within the gas-liquid separator 2c. 
[0111] In this case, when such a phenomenon as that 
the first heat exchange unit 2d is partially cooled occurs, 
the amount of refrigerant condensation in the first heat 
exchange unit 2d increases to increase the amount of 
liquid refrigerant accumulating within the gas-liquid sep- 
arator 2c. Then, at the time of such a high cooling load 
as in summer, the refrigerant amount circulating in the 
cycle becomes insufficient so that the super-heating de- 
gree of refrigerant at outlet of the evaporator 4 becomes 
high. As a result, the super-heating degree of the refrig- 
erant discharged from the compressor 1 becomes high 
so that the refrigerant having high super-heating degree 
flows into the gas-liquid separator 2c from the bypass 
passage 39. 

[0112] This flow of the high-temperature refrigerant 
having high super-heating degree promotes the evapo- 
ration of the liquid refrigerant within the gas-liquid sep- 
arator 2c to reduce the amount of liquid refrigerant within 
the gas-liquid separator 2c, so that the amount of refrig- 
erant returned from the gas-liquid separator 2c to the 
condenser 2 via the gas return passage 36 can be in- 
creased. Therefore, it is possible to increase the circu- 
lating refrigerant amount within the cycle. Thereby, it is 
possible to reduce the super-heating degree of the re- 
frigerant at outlet of the evaporator, and the liquid level 
of the liquid refrigerant within the gas-liquid separator 
2c can be also maintained at the stable level during a 
steady operation. 

[0113] On the other hand, on condition that the heat 
load is low in a cooling operation, the super-heating de- 
gree of the refrigerant at outlet of the evaporator is about 
0, or the liquid refrigerant returns into the compressor 1. 
In this case, the super-heating degree of the refrigerant 
discharged from the compressor 1 becomes also low. 
Therefore, an evaporating operation of the liquid refrig- 
erant due to bypassed discharged refrigerant intro- 
duced into the gas-liquid separator 2c lowers. For this 
reason, in the gas-liquid separator 2, the storage 
amount of the liquid refrigerant due to gas-liquid sepa- 
ration of the gas-liquid refrigerant from the inlet flow path 
37 increases, on the contrary. 

[0114] Thus, if there occurs such a situation that the 
circulating refrigerant amount within the cycle is insuffi- 
cient again due to an increase in the liquid refrigerant 
amount within the gas-liquid separator 2c, the super- 
heating degree of refrigerant discharged from the com- 
pressor 1 is changed in accordance with the refrigerant 
state within the gas-liquid separator 2c, and the liquid 
level of the liquid refrigerant within the gas-liquid sepa- 
rator 2c can be maintained at the stable level during the 
steady operation. 

[01 1 5] As described above, according to the eleventh 
embodiment, the refrigerant discharged from the com- 
pressor 1 is directly introduced into the gas-liquid sep- 
arator 2c, whereby a change in the super-heating de- 



gree of the refrigerant discharged from the compressor 
1 can be effectively fed back to adjust the liquid refrig- 
erant amount within the gas-liquid separator 2c. Thus, 
through this adjusting operation of the liquid refrigerant 
5 amount, the circulating refrigerant amount within the cy- 
cle is adjusted to control the super-heating degree of the 
refrigerant discharged from the compressor 1 . Since the 
compression process in the compressor 1 is basically 
an isoentropic change, if the super-heating degree of 
10 the refrigerant discharged from the compressor 1 can 
be controlled, the super-heating degree of the refriger- 
ant at the outlet of the evaporator 4 can be controlled. 
[0116] FIG. 19B is a Mollier diagram showing the op- 
eration of the refrigerant cycle system of the eleventh 
15 embodiment. In FIG. 1 9B, the gas-liquid separator 2c is 
indicated as a state lower in pressure than the condens- 
er 2 for convenience' sake in making the drawing, but it 
is of course that the gas-liquid separator 2c is located 
between the discharge side of the compressor 1 and the 
upstream side of the decompression device 3, and is at 
the substantially same pressure as the condenser 2. 
[0117] In the eleventh embodiment, any increase in 
the super-heating degree of the refrigerant at the outlet 
of the evaporator 4 can be restricted by the adjustment 
of the liquid refrigerant amount within the gas-liquid sep- 
arator 2c. Therefore, it becomes possible to restrict an 
upper limit of the super-heating degree of the refrigerant 
at the outlet of the evaporator 4 to : for example, about 
15°C. According to the eleventh embodiment, shortag- 
es of the circulating refrigerant amount within the refrig- 
erant cycle system are more reliably prevented, where- 
by it is possible to prevent shortages of cooling ability 
and insufficient return of oil to the compressor 1 , due to 
the shortages of the circulating refrigerant amount. 

(Twelfth Embodiment) 

[01 18] In the above-described eleventh embodiment, 
the gas-liquid separator 2c is provided within the refrig- 
erant passage of the condenser 2. However, in the 
twelfth embodiment, there is provided a gas-liquid sep- 
arator 2c at the refrigerant passage outlet side of the 
condenser 2 as shown in FIG. 20. Even in the structure 
of FIG. 20, by the introduction of the refrigerant dis- 
charged from the compressor 1 to the gas-liquid sepa- 
rator 2c, the liquid refrigerant amount within the gas-liq- 
uid separator 2c can be adjusted,. Accordingly, in the 
twelfth embodiment, the similar operating effect to the 
eleventh embodiment can be obtained. 

(Thirteenth Embodiment) 

[01 19] In each of the above-described embodiments, 
the gas-liquid separator 2c is provided at the cycle high- 
pressure side around the condenser 2 to separate the 
refrigerant into gas refrigerant and liquid refrigerant. 
However, in the thirteenth embodiment, a gas-liquid 
separator 40 is provided at a cycle low-pressure side as 
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shown in FIG. 21 to separate low-pressure refrigerant 
at the side of the evaporator 4 Into gas refrigerant and 
liquid refrigerant. 

[0120] For this reason, in the thirteenth embodiment, 
in a refrigerant bypass passage 39, there is provided a 
decompression device 41 for reducing the pressure of 
refrigerant discharged from the compressor 1 to a low 
pressure. The decompression device 41 can be con- 
structed by a fixed restrictor such as a capillary tube and 
an orifice. There is provided an inlet passage 42, 
through which a part of the gas-liquid refrigerant in a 
predetermined dryness area is bypassed from midway 
in the refrigerant passage of the evaporator 4 to flow into 
the upper part within the gas-liquid separator 40. Fur- 
ther, there are provided a gas return passage 43, 
through which gas refrigerant obtained by separating 
from liquid within the gas-liquid separator 40 flows from 
the upper part of the gas-liquid separator 40 to the out- 
side, and a liquid return passage 44, through which liq- 
uid refrigerant obtained by separating from gas and ac- 
cumulated in the lower part within the gas-liquid sepa- 
rator 40 is taken out to the outside. These both passages 
43 and 44 are joined into one passage 45, and this pas- 
sage 45 is connected to the evaporator 4 at a predeter- 
mined position downstream by a predetermined dis- 
tance from the taken-out position of the inlet passage 
42. However, in the thirteenth embodiment, the gas re- 
turn passage 43 and the liquid return passage 44 may 
not be joined, but be connected to refrigerant passages 
of the evaporator 4, individually. 
[0121] In the thirteenth embodiment, the gas-liquid 
separator 40 is provided at the cycle low-pressure side 
to separate the refrigerant of the evaporator 4 into gas 
refrigerant and liquid refrigerant. The present embodi- 
ment is the same as the case, where the high-pressure 
side gas-liquid separator 2c is provided, in that a part of 
the refrigerant discharged from the compressor 1 is by- 
passed for being introduced into the gas-liquid separa- 
tor 40. Accordingly, in the thirteenth embodiment, a 
change in the super-heating degree of the refrigerant 
discharged from the compressor 1 can be fed back for 
the adjustment of the liquid refrigerant amount within the 
gas-liquid separator 40, and an operating effect similar 
to the eleventh embodiment can be obtained. 
[0122] In this respect, the low-pressure side gas-liq- 
uid separator 40 according to the thirteenth embodiment 
may be provided at the outlet side or the inlet side of the 
refrigerant passage of the evaporator 4, and not midway 
in the refrigerant passage of the evaporator 4. 

(Fourteenth Embodiment) 

[0123] Either the eleventh embodiment (FIG. 19) or 
the twelfth embodiment (FIG. 20) has adopted a system 
in which a part of the refrigerant discharged from the 
compressor 1 is bypassed for introducing into the cycle 
high-pressure side gas-liquid separator 2c. However, in 
the fourteenth embodiment, the operating effect of the 



eleventh or twelfth embodiment is obtained through the 
use of an electric mechanism. 

[0124] In the fourteenth embodiment, as shown in 
FIG. 22, at the refrigerant discharge side of the com- 

s pressor 1 , there are provided a refrigerant temperature 
sensor 46 and a refrigerant pressure sensor 47. and de- 
tection signals from these both sensors 46 and 47 are 
inputted into super-heating degree (SH) determining 
means 49 of an electronic control unit 48 to determine 

10 the super-heating degree of the refrigerant discharged 
from the compressor 1 by this determining means 49. 
Thus, the signal of the super-heating degree determined 
by the super-heating degree determining means 49 is 
input to heating amount control means 50. On the other 
hand, in a lower part of the gas-liquid separator 2c, an 
electric heater 51 for heating the liquid refrigerant is pro- 
vided in advance. 

[0125] As the super-heating degree of the refrigerant 
discharged from the compressor 1 becomes higher, en- 

20 ergization of the electric heater 51 is controlled so as to 
increase a heating amount of the electric heater 1 by the 
heating amount control means 50. 
[01 26] According to the fourteenth embodiment, since 
evaporation amount of the liquid refrigerant within the 

25 gas-liquid separator 2c can be increased by increasing 
the heating amount of the electric heater 51 in response 
to the increase in the super-heating degree of the dis- 
charged refrigerant, the similar operating effect to the 
eleventh and twelfth embodiments can be obtained. 

30 

(Fifteenth Embodiment) 

[0127] In the fifteenth embodiment, as shown in FIG. 
23, a valve 52 is provided in the communication path 12 

35 of the gas-liquid separator 2c in such a manner that an 
opening degree of the valve 52 is adjusted by a valve 
driving mechanism 53 for operating in response to the 
super-heating degree of the refrigerant discharged from 
the compressor 1 . 

40 [0128] The valve driving mechanism 53 for operating 
the valve 52 in response to the super-heating degree 
can be constructed by a mechanical mechanism which 
makes a displacement in response to the temperature 
and pressure of the refrigerant discharged from the 

45 compressor 1 similarly to a diaphragm mechanism in the 
thermal expansion valve. In response to the increase in 
the super-heating degree of the refrigerant discharged 
from the compressor 1 . the opening degree of the valve 
52 is increased by the valve driving mechanism 53. 

50 Thereby, the flow amount of the liquid refrigerant from 
the communication path 12 can be increased in re- 
sponse to the increase in the super-heating degree of 
the discharged refrigerant, and the operating effect sim- 
ilar to the eleventh and twelfth embodiments can be ob- 

55 tained. 

[0129] In this respect, in place of the valve driving 
mechanism 53 for mechanically operating in response 
to the super-heating degree according to the fifteenth 
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embodiment, the super-heating degree of the refriger- 
ant discharged from the compressor 1 can be electrical- 
ly determined through the use of the refrigerant temper- 
ature sensor 46, the refrigerant pressure sensor 47 and 
the super-heating degree determining means 49 ac- 5 
cording to the fourteenth embodiment. On the other 
hand, the opening degree of the valve 52 may be elec- 
trically adjusted in response to the output from the su- 
per-heating degree determining means 49 so that the 
valve 52 is driven by an electric actuator such as a mo- 10 
tor. 

[0130] In the fifteenth embodiment the flow amount 
of the liquid refrigerant from the communication path 12 
is adjusted depending on a change in the opening of the 
valve 52, whereby the circulating refrigerant flow is 
amount within the refrigerant cycle system can be ad- 
justed, and therefore, it is also possible to omit the gas 
return passage 36. 

(Sixteenth Embodiment) 20 

[0131] In the sixteenth embodiment, as shown in FIG. 
24, a refrigerant pipe 54 through which refrigerant dis- 
charged from the compressor 1 is introduced into the 
gas-liquid separator 2c is provided with a heat conduc- 25 
tion portion 54a adhered to the outer surface of the gas- 
liquid separator 2c. In this case, when the super-heating 
degree of the refrigerant discharged from the compres- 
sor 1 becomes higher, the heating amount of the liquid 
refrigerant within the gas-liquid separator 2c caused by 30 
the heat conduction portion 54a increases to promote 
evaporation of the liquid refrigerant. Accordingly, the op- 
erating effect similar to the eleventh and twelfth embod- 
iments can be obtained. 

35 

(Seventeenth Embodiment) 

[0132] FIG. 25 shows the seventeenth embodiment, 
which relates to a concrete example for a separator-in- 
tegrated condenser 2 integrated with a gas-liquid sepa- *o 
rator for realizing the same effect as the eleventh em- 
bodiment (FIG. 1 9). In FIG. 25, portions having functions 
similar to those in FIG. 19 are indicated by the same 
reference numerals. 

[01 33] The basic structure of the separator- integrated 45 
condenser 2 according to the seventeenth embodiment 
is similar to that shown in FIGS. 12 to 18. That is, be- 
tween both left and right header tanks 17 and 18, there 
is arranged a heat exchange unit consisting of a multi- 
plicity of flat tubes 1 5 for extending in the horizontal di- so 
rection, and corrugate fins 16 to be joined to them. 
[0134] In the structure of the condenser shown in 
FIGS. 12 to 18, however, both the inlet joint 24 and the 
outlet joint 25 are arranged in one header tank 17, and 
the gas-liquid separator 2c is arranged to the other 55 
header tank 18. In contrast, in the seventeenth embod- 
iment, the gas-liquid separator 2c is arranged in one 
header tank 1 7, in which the inlet joint 24 is arranged, 



and the outlet joint 25 is arranged in the other header 
tank 18. 

[0135] In the seventeenth embodiment, a partition 
plate 19 is provided on the upper side within the one 
header tank 17, and a plate member 60a having a re- 
strictor 60 is provided on the lower side within the header 
tank 1 7. Within the other header tank 1 8, a partition plate 
20 is arranged at the same height position as the plate 
member 60a having the restrictor 60. 
[01 36] In the header tank 1 7, space above the parti- 
tion plate 19, into which the refrigerant discharged from 
the compressor 1 flows from the inlet joint 24, directly 
communicates to the upper portion side within the gas- 
liquid separator 2c through a discharged refrigerant by- 
pass passage 39. 

[0137] In the heat exchange unit of the separator-in- 
tegrated condenser 2, the upper part side of the plate 
member 60a having the restrictor 60 and the partition 
plate 20 constructs a first heat exchange unit 2d (corre- 
sponds to the first heat exchange unit 2d of FIG. 19), 
and the lower part side constructs a second heat ex- 
change unit 2f (corresponds to the third heat exchange 
unit 2f of FIG. 19). 

[01 38] Refrigerant, which has passed through the first 
heat exchange unit 2d to be cooled and condense, is 
normally gas-liquid refrigerant in a predetermined dry- 
ness area, and this refrigerant flows into an intermediate 
space between the upper partition plate 1 9 and the low- 
er plate member 60a with the restrictor 60 in the header 
tank 1 7. Thereafter, the main stream of refrigerant pass- 
es through the restrictor 60 from this intermediate space 
to flow into the lowest space within the header tank 1 7. 
At the same time, a part of the refrigerant in the inter- 
mediate space flows into the gas-liquid separator 2c 
from the inlet flow path 37. 

[0139] The liquid refrigerant including oil in the lower 
part within the gas-liquid separator 2c flows into the low- 
est space within the header tank 17 through the com- 
munication path 12 for returning liquid refrigerant to be 
circulated in the refrigerant cycle system. In this embod- 
iment, between the intermediate space and the lowest 
space within the header tank 17, a desired pressure dif- 
ference can be set by means of pressure loss caused 
by the restrictor 60 of the plate member 60a. According- 
ly, it is possible to reliably flow a part of the refrigerant 
in the intermediate space into the gas-liquid separator 
2c from the inlet flow path 37, and to reliably flow the 
liquid refrigerant within the gas-liquid separator 2c into 
the lowest space within the header tank 17 through the 
communication path 12. 

[0140] In this embodiment, any of the above-de- 
scribed discharged refrigerant bypass passage 39, the 
inlet flow path 37 and the communication path 12 for 
returning liquid refrigerant can be simply formed by a 
communication hole for penetrating a wall surface be- 
tween the header tank 17 and the gas-liquid separator 
2c. Therefore, there is no need to particularly install any 
pipe for forming any discharged refrigerant bypass pas- 
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sage 39 and the like. In this respect, the communication 
path 12 for returning the liquid refrigerant corresponds 
to the communication path 1 2 for returning the liquid re- 
frigerant of FIG. 19, and the communication path 23 of 
FIG. 12 and the like. 

[0141] Further, there is provided a gas refrigerant tak- 
ing-out tube 36 for introducing the gas refrigerant in the 
upperpart within the gas-liquid separator 2c into the low- 
est space within the header tank. This gas refrigerant 
taking-out tube 36 can be simultaneously joined to the 
gas-liquid separator 2c and the header tank 17 when 
the separator-integrated condenser 2 is integrally 
brazed. 

[0142] With such structure as described above, even 
in the seventeenth embodiment, a refrigerant flow sim- 
ilar to the eleventh embodiment is formed and an oper- 
ating effect similar to the eleventh embodiment can be 
- obtained. More specifically, the refrigerant discharged 
from the compressor 1 passes through the first heal ex- 
change unit 2d from the inlet joint 24 to be cooled and 
condensed to become gas-liquid refrigerant with a pre- 
determined dryness area, and a part of this gas-liquid 
refrigerant passes through the intermediate space with- 
in the header tank 1 7 and the inlet flow path 37 to flow 
into the gas-liquid separator 2c. At the same time, apart 
of the refrigerant from the inlet joint 24 directly flows into 
the gas-liquid separator 2c through the bypass passage 
39, to heat-exchange with the liquid refrigerant within 
the gas-liquid separator 2c. Therefore, the super-heat- 
ing degree of the refrigerant discharged from the com- 
pressor is fed back to within the gas-liquid separator 2c, 
making it possible to adjust the amount of liquid refrig- 
erant which accumulates within the gas-liquid separator 
2c. The refrigerant flow amount circulating in the refrig- 
erant cycle system is adjusted to adjust the super-heat- 
ing degree of the refrigerant discharged from the com- 
pressor 1 . 

[0143] Since the liquid refrigerant within the gas-liquid 
separator 2c can be reliably flowed into the lowest space 
within the header tank 17 through the communication 
path 12 for returning the liquid refrigerant, it is possible 
to effectively prevent insufficient of the oil returning to 
the compressor 1 and shortages of the refrigerant flow 
amount circulating in the refrigerant cycle system. 

(Eighteenth Embodiment) 

[0144] In the above-described seventeenth embodi- 
ment, the refrigerant flow in the condenser 2 is made to 
have a S-turn flow, so that the refrigerant flow makes a 
U-tum once at the side of the header tank 1 7 and at the 
side of the header tank 18, respectively. However, in the 
eighteenth embodiment, a W-turn flow is adopted as 
shown in FIG. 26, so that the refrigerant flow makes a 
U-tum once at the side of one headertank 1 7 and makes 
a U-tum twice at the side of the other header tank 18. 
[0145] Forthis reason, in the eighteenth embodiment, 
within the one headertank 1 7, a partition plate 61 is ad- 



ditionally provided at the lower side of a restrictor 60, 
and an outlet joint 25 is provided in space in the lowest 
part lower than this partition plate 61 , as compared with 
the structure of FIG. 25. Thereby, in a second heat ex- 

5 change unit 2f on the lower side of the condenser 2, a 
refrigerant flow, which makes a U-turn, is formed in the 
lower space within the other header tank 1 8, so that the 
W-turn flow can be formed. In the eighteenth, the other 
parts are similar to those of the seventeenth embodi- 

io ment. 

[0146] According to the eighteenth embodiment, it is 
possible to arrange both the inlet joint 24 and the outlet 
joint 25 collectively in the one header tank 17. and to 
perform a refrigerant pipe connecting operation on a ve- 
rs hide collectively at the side of the one header tank 1 7. 

(Nineteenth Embodiment) 

[01 47] In the above-described seventeenth and eight- 
20 eenth embodiments, the first heat exchange unit 2d for 
cooling the refrigerant discharged from the compressor 
1 through the in let joint 24 is arranged on the upper side 
of the condenser 2, and the second heat exchange unit 
2f for cooling the refrigerant from the first heat exchange 
25 unit 2d and for cooling the mixed refrigerant consisting 
of gas refrigerant and liquid refrigerant from the gas-liq- 
uid separator 2c is arranged on the lower side of the 
condenser 2. However, in the nineteenth embodiment, 
as shown in FIG. 27, the first heat exchange unit 2d for 
30 cooling the refrigerant discharged from the compressor 
is arranged on the lower side of a condenser 2, and the 
second heat exchange unit 2f for cooling the refrigerant 
from the first heat exchange unit 2d and for cooling 
mixed refrigerant consisting of gas refrigerant and liquid 
35 refrigerant from the gas-liquid separator 2c is arranged 
on the upper side of the condenser 2. 
[0148] Accordingly, in the nineteenth embodiment, in 
the interior of the header tank 17, on the upper side of 
the partition plate 19, there is arranged the plate mem- 
40 ber 60a with the restrictor 60, and the inlet joint 24 is 
arranged in space in the lowest part of the headertank 
17. Since upper space of the restrictor 60 within the 
header tank 17 is adjacent to gas refrigerant space in 
the upper part within the gas-liquid separator 2c, the gas 
45 return passage 36 constituted of a communication path 
is formed in wall surfaces of the gas-liquid separator 2c 
and the header tank 17 in such a manner that gas re- 
frigerant in the upper part within the gas-liquid separator 
2c can be directly introduced into the upper space of the 
so restrictor 60 within the header tank 1 7. 

[0149] Because a storage portion of the liquid refrig- 
erant in the lower part within the gas-liquid separator 2c 
is spaced apart from the upper space of the restrictor 
60 within the header tank 17, these two are connected 
55 together through a communication path 1 2 for returning 
the liquid, constituted of a pipe member in such a man- 
ner that the liquid refrigerant in the lower part within the 
gas-liquid separator 2c can be introduced into the upper 
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space of the restrictor 60 within the header tank 17. 
[0150] On the other hand, in the other header tank 1 8, 
the partition plate 20 is arranged at the same height po- 
sition (position near the upper part within the tank 18) 
as the restrictor 60, and an output joint 25 is arranged 5 
in upper space of the partition plate 20 within the other 
header tank 18. 

[0151] According to the refrigerant cycle system of the 
nineteenth embodiment, the inlet flow path 37, through 
which refrigerant from the first heat exchange unit 2d 10 
flows into the gas-liquid separator 2c, is located at the 
upper side of the partition plate 1 9, and a bypass pas- 
sage 39 of refrigerant discharged from the compressor 
1 is located at the lower side of the partition plate 19. 
Therefore, the gas refrigerant from the bypass passage *5 
39 goes upward because of a difference in density be- 
tween gas refrigerant and liquid refrigerant within the 
gas-liquid separator 2c. In contrast, because the refrig- 
erant, which has passed through the first heat exchange 
unit 2d, is gas-liquid refrigerant in a predetermined dry- 20 
ness area, the liquid refrigerant falls from the position of 
opening of the inlet flow path 37 within the gas-liquid 
separator 2c by gravitation. 

[0152] Accordingly, the gas refrigerant from the by- 
pass passage 39 can be favorably mixed with the liquid 25 
refrigerant from the inlet flow path 37, and heat ex- 
change between both can be favorably performed. As a 
result, the super-heating degree of the refrigerant dis- 
charged from the compressor 27 is properly fed back 
(responded) to the liquid refrigerant within the gas-liquid 30 
separator 2c, whereby it is possible to accurately adjust 
the amount of liquid refrigerant which accumulates with- 
in the gas-liquid separator 2c. 

[0153] Accordingly to the refrigerant cycle system of 
the nineteenth embodiment, since the inlet joint 24 is 35 
arranged on the lower part side and the outlet joint 25 
is arranged on the upper part side, it is suitable for a 
mounting layout in which a compressor discharge side 
pipe on the vehicle side is located on the lower side of 
the condenser 2, and a high-pressure liquid refrigerant 40 
pipe on the vehicle side is located on the upper side of 
the condenser 2. 

(Twentieth Embodiment) 

45 

[01 54] The twentieth embodiment is a modification of 
the seventeenth embodiment of FIG. 25. In the twentieth 
embodiment, as shown in FIG. 28, within the gas-liquid 
separator 2c, there is formed a mixing chamber 63 par- 
titioned by a partition plate 62 extending in the vertical so 
direction, so that the bypass passage 39 and the inlet 
flow path 37 are communicated to this mixing chamber 
63. 

[0155] Accordingly, the gas refrigerant discharged 
from the compressor 1 flows into the mixing chamber 63 55 
from the bypass passage 39, and at the same time, the 
gas-liquid refrigerant having passed through the first 
heat exchange unit 2d flows into the mixing chamber 63 



from the inlet flow path 37. Thus, afterthe gas-liquid re- 
frigerant and the gas refrigerant discharged from the 
compressor 1 are mixed and are heat-exchanged within 
the mixing chamber 63, the mixed refrigerant flows into 
the gas-liquid separator 2c from an outlet communica- 
tion path 64 in the upper part of the mixing chamber 63. 
[0156] According to the twentieth embodiment, since 
the mixing chamber 63 is formed into a longitudinal 
space having a small cross-sectional area and extend- 
ing in the vertical direction, the gas-liquid refrigerant 
from the inlet flow path 37 and the compressor-dis- 
charged refrigerant from the inlet joint 24 can be favo- 
rably mixed and heat-exchanged within the mixing 
chamber 63. Therefore, the amount of the liquid refrig- 
erant, which accumulates within the gas-liquid separa- 
tor 2c, can be properly adjusted in response to the de- 
gree of overheat of the compressor-discharged refriger- 
ant. 

(Twenty-first Embodiment) 

[01 57] The twenty-first embodiment improves a meth- 
od for forming a gas-liquid separator 2c of a separator- 
integrated condenser 2. In FIGS. 29 to31 ,the gas-liquid 
separator 2c has a tubular body portion 65 extending in 
the vertical direction, a lower cap member 26 for block- 
ing (closing) a lower end opening of this tubular body 
portion 65 and an upper cap member 66 for blocking 
(closing) an upper end opening thereof. 
[0158] The tubular body portion 65 and both cap 
members 26 and 66 are all formed from aluminum, and 
the tubular body portion 65 is formed with an auxiliary 
passage 65a throughout its length in the longitudinal di- 
rection (vertical direction). This auxiliary passage 65a 
has an oblong cross-sectional shape shown in FIG. 30, 
for example, and is formed in parallel with tank space 
65b having a circular cross-section of the gas-liquid sep- 
arator 2c. 

[0159] Accordingly, the tank space 65b having the cir- 
cular cross-section of the gas-liquid separator 2c and 
the auxiliary passage 65 having the oblong cross-sec- 
tion can be integrally formed by extrusion or the like. In 
this respect, the tubular body portion 65 is formed with 
a projection 65c projecting toward the header tank 17 
throughout its length in the longitudinal direction (verti- 
cal direction) , and the projection 65c is provided with the 
auxiliary passage 65a. Further, the side portion of the 
projection 65c is adapted to be joined (brazed) to the 
header tank 17. 

[0160] The auxiliary passage 65a is formed to define 
a gas return passage 36 through which the gas refrig- 
erant in the upper part within the tank space 65b in the 
gas-liquid separator 2c is introduced into the lower 
space of the restrictor 60 within the header tank 1 7. For 
this reason, the vicinity of the upper end portion of the 
auxiliary passage 65a communicates to the upper part 
within the tank space 65b through an inlet communica- 
tion hole 36a formed in the projection 65c of the tubular 
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body portion 65. The vicinity of the lower end of the aux- 
iliary passage 65a communicates to the lower space of 
the restrictor 60 within the header tank 17 through an 
outlet communication hole 36b formed in the projector 
65c of the tubular body portion 65. 
[01 61 ] Both upper and lower cap members 26 and 66 
are provided with protruded portions 26a and 66a each 
having a larger area corresponding to the lower-end 
opening and the upper-end opening of the tank space 
65b of the tubular body portion 65 respectively, and with 
protruded portions 26b and 66b each having a smaller 
area corresponding to the lower-end opening and the 
upper-end opening of the auxiliary passage 65a, re- 
spectively, by molding. Thus, the protruded portions26a 

* and 66a each having a larger area are fitted in and joined 
to the lower-end opening and the upper-end opening of 
the tank space 65b respectively, and the protruded por- 

- tions 26b and 66b each having a smaller area are fitted 
in and joined to the lower-end opening and the upper- 
end opening of the auxiliary passage 65a respectively, 
whereby the both upper and lower openings of the tank 
space 65b and the auxiliary passage 65a can be 
blocked at the same time. 

[0162] In the projection 65cof the tubular body portion 
65, on the side portion (lower portion in FIG. 30) of the 
auxiliary passage 65a, there are provided three commu- 
nication paths 39 : 37 and 12 arranged in the vertical di- 
rection. Among those communication paths 39, 37, 12, 
the upper communication path is a bypass passage 39 
through which the refrigerant discharged from the com- 
pressor 1 and flowing into the upper space of the parti- 
tion plate 1 9 within the header tank 1 7 flows into the tank 
space 65b of the gas-liquid separator 2c. This bypass 
passage 39 is provided below the inlet communication 
hole 36a, as shown in FIG. 31 . 

[0163] The intermediate communication path is an in- 
let flow path 37 through which the gas-liquid refrigerant 
having passed through the first heat exchange unit 2d 
flows into the tank space 65b of the gas-liquid separator 
2c via intermediate space between the partition plate 1 9 
and the restrictor 60 within the header tank 17. 
[0164] The lower communication path is a communi- 
cation path 1 2 through which the liquid refrigerant in the 
lower part within the tank space 65b of the gas-liquid 
separator 2c flows into the lower space of the restrictor 
60 within the header tank 17. 

[0165] According to the twenty-first embodiment, the 
auxiliary passage 65a for constituting the gas return 
passage 36, through which the gas refrigerant in the up- 
per part within the tank space 65b of the gas-liquid sep- 
arator 2c is introduced into the lower space of the re- 
strictor 60 within the header tank 17, can be integrally 
molded with the tubular body portion 65 of the gas-liquid 
separator 2c. Therefore, it is no need to arrange a gas 
return passage 36 constituted of a pipe member in the 
outside of the gas-liquid separator 2c as shown in FIGS. 
25, 26 and 28. Accordingly, it is possible to save the 
space and reduce the cost. 



[0166] In the twenty-first embodiment, as in the nine- 
teenth embodiment of FIG. 27, the communication path 
1 2 for returning the iiquid ( constituted from a pipe mem- 
ber, may be arranged in the outside of the gas-liquid 
5 separator 2c. In this case, the communication path 12 
for returning the liquid refrigerant may be constituted by 
the auxiliary passage 65a of the tubular body portion 65. 

(Twenty-Second Embodiment) 

10 

[01 67] The twenty-second embodiment is a modifica- 
tion of the twenty-first embodiment. As shown in FIGS. 
32 to 34, in the twenty-second embodiment, the projec- 
tion 65c in the tubular body portion 65 of the gas-liquid 
15 separator 2c is provided with another auxiliary passage 
65d in parallel with the auxiliary passage 65a. The tu- 
bular body portion 65 including these both auxiliary pas- 
sages 65a and 65d can be integrally molded by extru- 
sion or the like. 
20 [0168] The present embodiment is the same as the 
twenty-first embodiment in that the first auxiliary pas- 
sage 65a constitutes the gas return passage 36. How- 
ever, in the present embodiment, the communication 
path 12 for returning the liquid refrigerant is communi- 
25 cated in the vicinity of the lower end portion of the first 
auxiliary passage 65a ? so that the liquid refrigerant in 
the lower part within the tank space 65b of the gas-liquid 
separator 2c is introduced into the vicinity of the lower 
end portion of the first auxiliary passage 65a through the 
30 communication path 12. Accordingly, at the lower end 
portion of the first auxiliary passage 65a : the liquid re- 
frigerant and the gas refrigerant are mixed and intro- 
duced into the lower space of the restrictor 60 within the 
header tank 17 from an outlet communication hole 36b 
35 provided in the vicinity of the lower end portion of the 
first auxiliary passage 65a. Therefore, the vicinity of the 
lower end portion of the first auxiliary passage 65a ac- 
cording to the present embodiment is also used as a 
liquid return passage. 
40 [0169] In addition, a second auxiliary passage 65d 
constitutes the mixing chamber 63 of the twentieth em- 
bodiment of FIG. 28. That is, the second auxiliary pas- 
sage 65d communicates with the upper space of the 
partition plate 19 within the header tank 17 through a 
45 bypass passage (communication hole) 39 of the com- 
pressor-discharged refrigerant. The second auxiliary 
passage 65d communicates with the intermediate 
space between the partition plate 19 and the restrictor 
60 within the header tank 17 through an inlet passage 
so (communication hole) 37. 

[0170] Further, in the second auxiliary. passage 65d, 
at an upper position of the bypass passage 39, there is 
provided an outlet communication path 64 through 
which the upper part of the second auxiliary passage 
55 65d communicates to the upper part within the tank 
space 65b of the gas-liquid separator 2c. Thereby, the 
refrigerant discharged from the compressor 1 flows into 
the second auxiliary passage 65d (mixing chamber 63) 
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from the bypass passage 39, and at the same time, the 
gas-liquid refrigerant having passed through the first 
heat exchange unit 2d flows into the second auxiliary 
passage 65d (mixing chamber 63) from the inlet flow 
path 37. Thus, after the gas-liquid refrigerant and the 
compressor-discharged gas refrigerant are mixed and 
heat-exchanged within the second auxiliary passage 
65d (mixing chamber 63), the mixed refrigerant flows in- 
to the tank space 65b of the gas-liquid separator 2c from 
the outlet communication path 64 in the upper part of 
the second auxiliary passage 65d (mixing chamber 63). 
[0171] As described above, according to the twenty- 
second embodiment, because the first auxiliary pas- 
sage 65a constituting the gas return passage 36 and the 
second auxiliary passage 65d constituting the mixing 
chamber 63 are integrally molded with the tubular body 
portion 65 of the gas-liquid separator 2c, a number of 
components to be joined by brazing or the like is re- 
duced, whereby a simple condenser capable of being 
manufactured in low cost can be constituted, 
[0172] In the twenty-second embodiment, because 
the tubular body portion 65 is provided with two auxiliary 
passages 65a and 65d, protruded portions 26c and 66c 
each having a smaller area for blocking the second aux- 
iliary passage 65d are added to the lower cap member 
26 and the upper cap member 66, respectively, as com- 
pared with the twenty-first embodiment. 

(Twenty-third Embodiment) 

[0173] In the twenty-first and twenty-second embodi- 
ments, the structure have been arranged such that the 
tubular body portion 65 of the gas-liquid separator 2c 
and the header tank 17 are separately molded respec- 
tively, and the header tank 1 7 and the tubular body por- 
tion 65 are joined together by brazing or the like. How- 
ever, in the twenty-third embodiment, the header tank 
1 7 and the tubular body portion 65 are integrally molded 
by extrusion or the like, as shown in FIG, 35. 
[0174] More concretely, in the twenty-third embodi- 
ment, the cross-sectional area of the projection 65c of 
the tubular body portion 65 is enlarged larger than in the 
twenty-first and twenty-second embodiments, and the 
auxiliary passage 65a constituting the gas return pas- 
sage 36 and the header tank 17 are integrally molded 
together with this projection 65c. FIG. 35 is a top view 
corresponding to FIGS. 30 and 33. As shown in FIG. 35, 
because hollow shapes extending in parallel in the lon- 
gitudinal direction (vertical direction) of the tubular body 
portion 65 are provided, the tank space 65b of the tubu- 
lar body portion 65, the auxiliary passage 65a and the 
header tank 17 can be easily integrally molded by ex- 
trusion. 

(Twenty-Fourth Embodiment) 

[0175] The twenty-fourth embodiment shown in FIG. 
36 is different from the twenty-third embodiment in that 



the second auxiliary passage 65d constituting the mix- 
ing chamber 63 is also integrally molded. 
[0176] According to the twenty-fourth embodiments, 
since the auxiliary passages 65a and 65d and the head- 

5 er tank 1 7 can be integrally molded with the tubular body 
portion 65 of the gas-liquid separator 2c, there is no 
need for a process in which these components are sep- 
arately molded respectively to be integrally joined, but 
the cost can be further reduced. At the time of blazing, 

10 any occurrence of such defect that molten brazing ma- 
terial enters the communication path portion between 
the tubular body portion 65 and the header tank 17 to 
block the communication path portion, can be eliminat- 
ed. 

15 

(Twenty-fifth Embodiment) 

[0177] FIGS. 37 and 38 show the twenty-fifth embod- 
iment, which is deformation of the twentieth embodi- 

20 ment of FIG. 28. In the above-described twentieth em- 
bodiment, there is formed the mixing chamber 63 parti- 
tioned by the partition plate 62 within the gas-liquid sep- 
arator 2c and extending in the vertical direction, so that 
the compressor-discharge refrigerant from the inlet joint 

25 24 flows into the mixing chamber 63 through the bypass 
passage 39, and the gas-liquid refrigerant having 
passed through the first heat exchange unit 2d flows into 
the mixing chamber 63 through the inlet flow path 37. 
[0178] However, according to the twenty-fifth embod- 

30 iment, as shown in FIG. 37, between an outer wall sur- 
face of the gas-liquid separator 2c extending in the ver- 
tical direction and an outer wall surface of the header 
tank 1 7 extending in the vertical direction , a thick-walled 
plate member 67 is disposed, and a mixing chamber 63 

35 js defined in this plate member 67. 

[0179] Further, explaining concretely, FIGS. 38A and 
38B show a concrete example of the plate member 67. 
As shown in FIGS. 38A and 38B, the plate member 67 
of the present embodiment is formed into a longitudinal 

40 plate shape extending in the vertical direction using 
thick-walled material having a plate thickness T suffi- 
ciently larger than that of each of the gas-liquid separa- 
tor 2c and the header tank 1 7, for example, about 5 mm. 
As material for forming the plate member 67, aluminum 

45 is used, similarly to that the gas-liquid separator 2c and 
the header tank 17. A surface of the plate member 67, 
on the side of the gas-liquid separator 2c, is provided 
with a longitudinal concave portion 67a having a rectan- 
gle shape to form the mixing chamber 63. 

so [0180] In this plate member 67, on the rear portion of 
the concave portion 67a, there are provided two upper 
and lower through-holes. The upper through-hole forms 
the bypass passage 39, and the lower through-hole 
forms the inlet flow path 37. The mixing chamber 63 

55 communicates with the gas-liquid separator 2c through 
an outlet communication path 64 penetrating through a 
wall surface of the gas-liquid separator 2c. Further, in 
the plate member 67, at the lower part of the concave 
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portion 67a, a through-hole penetrating through the 
plate thickness T of the plate member 67 is provided to 
form the liquid returning communication path 12. 
[0181] Thus, the plate member 67 with each of the 
above-described portions is installed between the outer 
wall surface of the gas-liquid separator 2c and the outer 
wall surface of the header tank 17 to bond the plate 
member 67 to the outer wall surfaces of the gas-liquid 
separator 2c and the header tank 1 7 by brazing of alu- 
minum. Thereby, between the gas-liquid separator 2c 
and the plate member 67, the mixing chamber 63 using 
the concave portion 67a can be formed. 
[0182] The compressor-discharged refrigerant flows 
into the upper space of the partition plate 19 within the 
header tank 17 from the inlet joint 24 to flow into the 
upper part within the mixing chamber 63 through the by- 
pass passage 39 from this upper space. Further, the 
gas-liquid refrigerant having passed through the first 
heat exchange unit 2d, flows into lower space of the par- 
tition plate 19, and this gas-liquid refrigerant flows into 
the lower part within the mixing chamber 63 through the 
inlet flow path 37. 

[0183] Thus, aftertherefrigerantfrom the bypass pas- 
sage and the refrigerant from the inlet flow path 37 are 
mixed within the mixing chamber 63, the mixed refriger- 
ant flows into the gas-liquid separator 2c from the outlet 
communication path 64. The liquid refrigerant, which ac- 
cumulates within the gas-liquid separator 2c, flows into 
the lowest space (lower space of the restrictor60) within 
the header tank 1 7 through the communication path 1 2. 
[0184] According to the twenty-fifth embodiment, 
since the mixing chamber 63 is formed by the plate 
member 67 installed between the outer wall surface of 
the gas-liquid separator 2c and the outer wall surface of 
the header tank 17, there is an advantage that the size 
and position of the mixing chamber 63 can be freely se- 
lected by the shape of the plate member 67. 
[01 85] In the twenty-fifth embodiment, the plate mem- 
ber 67 formed into the thick-walled plate having suffi- 
ciently larger plate thickness T than the plate thickness 
of the gas-liquid separator 2c and the header tank 1 7 is 
used } and the plate member 67 is provided with the con- 
cave portion 67a, whereby the mixing chamber 63 is 
formed. However, the plate member 67 formed into a 
thin-walled plate having the same plate thickness as the 
gas-liquid separator 2c and the header tank 17 may be 
used. In this case, it may be possible to press mold the 
plate member 67 to make a shape corresponding to the 
concave portion 67a for thereby forming the mixing 
chamber 63. 

(Twenty-sixth Embodiment) 

[0186] FIGS. 39 and 40 show a twenty-sixth embodi- 
ment, which is a deformation of the twenty-fifth embod- 
iment. In the above-described twenty-fifth embodiment, 
the gas return passage 36 through which the gas refrig- 
erant in the upper part within the gas-liquid separator 2c 



is introduced into the lowest space (lower space of the 
restrictor 60) within the header tank 17 is formed by a 
pipe (pipe material). However, in the twenty-sixth em- 
bodiment, the gas return passage 36 is formed using a 
5 plate member 67 between the gas-liquid separator 2c 
and the header tank 1 7. 

[0187] More concretely, the plate member 67 accord- 
ing to the twenty-sixth embodiment is provided with a 
first concave portion 67a on a surface thereof on the side 

10 of the gas-liquid separator 2c as shown in FIG. 40 in 
order to form a mixing chamber 63. On the other hand, 
on a side of this first concave portion 67a, there is 
formed a second concave portion 67b extending in the 
vertical direction in parallel with the first concave portion 

15 67a. 

[0188] This second concave portion 67b is provided 
to form a gas return passage 36, and therefore, is 
formed substantially along the length of the plate mem- 
ber 67 in the vertical direction. In the vicinity of the upper 

20 end portion of the gas-liquid separator 2c, there is 
opened an inlet communication hole 36a through which 
the vicinity of the upper end portion within the gas-liquid 
separator 2c communicates to the vicinity of the upper 
end portion of the second concave portion 67b. In the 

25 plate member 67, an outlet communication hole 36b is 
opened in the vicinity of the lower end portion of the sec- 
ond concave portion 67b, so that the vicinity of the lower 
end portion of the second concave portion 67b commu- 
nicates to the lower space of the restrictor 60 within the 

30 header tank 17 through the outlet communication hole 
36b. 

[01 89] According to the twenty-sixth embodiment, the 
gas refrigerant in the upper part within the gas-liquid 
separator 2c flows into the upper part of the gas return 
35 passage 36 (second concave portion 67b) of the plate 
member 67 through the inlet communication hole 36a, 
and the gas refrigerant flows downward through this gas 
return passage 36. Thereafter, the gas refrigerant flows 
into the lower space of the restrictor 60 within the header 
40 tank 17 through the outlet communication hole 36b lo- 
cated in the lower part of the gas return passage 36. 
[0190] Therefore, not only the mixing chamber 63, but 
also the gas return passage 36 can be. integrally molded 
with the plate member 67. In this case : there is no need 
45 to provide a pipeforforming the gas return passage 36, 
but a space for providing the pipe becomes unneces- 
sary, and therefore, the mountability of the condenser 2 
on a vehicle can be further improved. 
[0191] In the twenty-sixth embodiment, since the mix- 
50 |ng chamber 63 due to the first concave portion 67a, the 
bypass passage 39, the inlet flow path 37, the liquid re- 
turning communication path 12 and the like have the 
same structure as in the twenty-fifth embodiment, the 
illustration is omitted in FIG. 39. 

55 

(Twenty-seventh Embodiment) 

[0192] FIGS. 41 and 42 show a twenty-seventh em- 
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bodiment, which is a deformation of the above-de- 
scribed twenty-fifth embodiment. In the above-de- 
scribed twenty-fifth embodiment, the liquid returning 
communication path 12 is formed by opening a circular 
through-hole in the lower part of the plate member 67. 
However, in the twenty-seventh embodiment the liquid 
returning communication path 12 is formed as shown in 
FIGS. 41 and 42. 

[01 93] More specifically, according to the twenty-sev- 
enth embodiment, the plate member 67 is provided with 
a second concave portion 67c for forming the liquid re- 
turning communication path 12 at a predetermined in- 
terval at an underside of a first concave portion 67a for 
forming the mixing chamber 63. Each of the first and 
second concave portions 67a and 67c has a longitudinal 
and rectangular shape. 

[0194] In the vicinity of the bottom portion of the gas- 
liquid separator 2c, there is opened an inlet communi- 
cation hole 1 2a, so that the vicinity of the lower end por- 
tion of the second concave portion 67c communicates 
to the vicinity of the bottom portion within the gas-liquid 
separator 2c through the inlet communication hole 12a. 
In the vicinity of the upper end portion of the rear portion 
of the second concave portion 67c, there is opened an 
outlet communication hole 1 2b, so that the vicinity of the 
upper end portion of the second concave portion 67c 
communicates to the lower space of the restrictor 60 
within the header tank 17 through the outlet communi- 
cation hole 12b. 

[0195] According to the twenty-seventh embodiment, 
similarly to the above-described eighteenth embodi- 
ment of FIG. 26, a partition plate 61 is additionally pro- 
vided in the underside of the restrictor 60. Further, in the 
lowest space below the partition plate 61 within the 
header tank 17, there is provided an outlet joint 25. 
Thereby, in the second heat exchange unit 2f on the un- 
derside of the condenser 2, there is formed a refrigerant 
flow which makes a U-tum in the lower space within the 
other header tank 18. Accordingly, in the condenser 2, 
it possible for the refrigerant flow to form a W-turn flow. 
[01 96] According to the twenty-seventh embodiment, 
because the outlet joint 25 is provided in the lowest 
space below the partition plate 61 in the headertank 1 7, 
the outlet communication hole 12b of the liquid returning 
communication path 12 is communicated to the space 
above the partition plate 61 in the header tank 17. In 
other words, the outlet communication hole 12b is posi- 
tioned at the upper side of the partition plate 61 . 
[01 97] On the other hand, in order to reliably take out 
the liquid refrigerant and the oil within the gas-liquid sep- 
arator 2c, the inlet communication hole 12a of the liquid 
returning communication path 12 is requested to be ar- 
ranged in proximity to the bottom portion within the gas- 
liquid separator 2c as far as possible. Accordingly, the 
inlet communication hole 12a of the liquid returning 
communication path 12 and the outlet communication 
hole 12b thereof are arranged to be offset from each 
other in the vertical direction. 



[0198] In the twenty-seventh embodiment, because 
the plate member 67 is provided with the second con- 
cave portion 67c to form the liquid returning communi- 
cation path 12, the inlet communication hoie 12a and 
5 the outlet communication hole 12b can easily corre- 
spond to each otherthrough the mediation of the second 
concave portion 67c even if they are deviated in the ver- 
tical direction. 

[0199] In the above-described twenty-fifth to twenty- 
mo seventh embodiments, on the surface of the plate mem- 
ber 67 at a side of the gas-liquid separator 2c, the first 
concave portion 67a and the second concave portion 
67b, 67c are provided. However, on the surface of the 
plate member 67 at the side of the headertank 1 7, there 
is may be formed the first concave portion 67a (mixing 
chamber 63), the second concave portion 67b (gas re- 
turn passage 36) and the second concave portion 67c 
(liquid returning communication path 12). 



[0200] A twenty-eighth embodiment relates to im- 
provement for restraining worsened refrigerant flow 
caused by a desiccant 34 for water absorption , arranged 
within the gas-liquid separator 2c. The entire structure 
of the condenser 2 according to the twenty-eighth em- 
bodiment may be similar to, for example, FIG. 25 of the 
seventeenth embodiment, and therefore, the whole 
schematic diagram of the condenser is omitted. 
[0201] The desiccant 34 for water absorption is 
formed in a longitudinal shape (See FIG. 25) along the 
longitudinal shape of the gas-liquid separator 2c, and is 
arranged on the cap member 26 at the bottom portion 
of the gas-liquid separator 2c. Thus, the bottom portion 
35 of the desiccant 34 for water absorption is mounted on 
the top portion of the cap member 26 for being support- 
ed. 

[0202] In this structure, when vibration and the like 
during traveling of the vehicle are applied to the desic- 

40 cant 34, there occurs a phenomenon that the desiccant 
34 moves to make the opening areas of the inlet flow 
path 37 and the liquid returning communication path 12, 
which oppose to the desiccant 34, narrower. As a result, 
a flow of the refrigerant from the inlet flow path 37 into 

45 the gas-liquid separator 2c and a flow of the refrigerant 
from the gas-liquid separator 2c into the communication 
path 12 may be inhibited. 

[0203] Thus, in the twenty-eighth embodiment, in the 
light of the above-described points, as shown in FIG. 43, 
50 the desiccant 34 having a longitudinal shape is provided 
with constriction portions 34a and 34b (recess) at posi- 
tions corresponding to the openings of the inlet flow path 
37 and the liquid returning communication path 12, re- 
spectively. 

55 [0204] More concretely, the desiccant 34 is normally 
constructed by containing granulated zeolite excellent 
in water absorbency within a bag-shaped member for 
holding. This bag-shaped member is made of a material 



20 (Twenty-eighth Embodiment) 
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such as felt, for allowing the refrigerant to circulate, and 
size of this bag-shaped member in the peripheral direc- 
tion is partially made smaller at positions opposite to the 
openings of the inlet flow path 37 and liquid returning 
communication path 12, whereby the constriction por- 
tions 34a and 34b can be formed. 
[0205] Accordingly, even if the desiccant 34 moves in 
a direction to approach the openings of the inlet flow 
path 37 and the liquid returning communication path 12 
due to vibration or the like of the vehicle, the existence 
of the constriction portions 34a and 34b is capable of 
providing refrigerant passages in the vicinity of the 
openings of the inlet flow path 37 and the liquid returning 
communication path 12. Therefore, irrespective of the 
movement of the desiccant 34, inflow and outflow of the 
refrigerant between the gas-liquid separator 2c and the 
inlet flow path 37 or the liquid returning communication 
path 12 can be always performed favorably. 
[0206] In the embodiment of FIG. 43, the desiccant 
34 is provided with constriction portions 34a and 34b. 
However, as shown in FIG. 44, concave portions 37b 
and 12c, which are recessed to the side of the header 
tank 17, may be formed in the vicinity of the openings 
of the inlet flow path 37 and the liquid returning commu- 
nication path 12. In this case, since the area of the pas- 
sage opening opposing to the desiccant 34 can be en- 
larged due to the concave portions 37b and 12c, irre- 
spective of the movement of the desiccant 34, inflow and 
outflow of the refrigerant in the inlet flow path 37 and the 
liquid returning communication path 12 can be always 
performed favorably, similarly to the case of FIG. 43. 

(Twenty-ninth Embodiment) 

[0207] In the twenty-ninth embodiment, as shown in 
FIG. 45, a volume chamber 68 having a volume, which 
allows a flow of the refrigerant sucked into the compres- 
sor 1 to be rapidly expanded, is disposed between the 
outlet side of the evaporator 4 and the suction side of 
the compressor 1 . In FIG. 45, the volume chamber 68 
is added to the refrigerant cycle system of FIG. 1 . In the 
twenty-ninth embodiment, the other parts are similar to 
those of the above-described first embodiment. 
[0208] The volume chamber 68 rapidly expands and 
rapidly shrinks the flow of the refrigerant sucked into the 
compressor 1 to reduce a pulsating noise of the sucked 
refrigerant by means of a loss due to this rapid expan- 
sion and rapid shrinkage. In other words, the volume 
chamber 68 constitutes an expansion muffler. Thereby, 
propagation, into the vehicle room, of the pulsating 
noise of the sucked refrigerant can be reduced. 
[0209] According to the present invention, the super- 
heating degree of the refrigerant at outlet of the evapo- 
rator 4 is not directly controlled. Therefore : at a low flow 
amount where the circulating refrigerant flow amount 
within the cycle becomes low, that is, when the cooling 
thermal load is low like during idling of the engine at a 
low outside air temperature and the number of revolu- 



tions of the compressor 1 is low, the refrigerant at outlet 
of the evaporator 4 shifts from the super-heating area 
to the gas-liquid area so that return of the liquid refrig- 
erant to the compressor 1 may occur. 

5 [0210] Thus, in the twenty-ninth embodiment, a gas- 
liquid separating function of the refrigerant (compressor 
sucked refrigerant) at the outlet of the evaporator 4 is 
added to the volume chamber 68. Concretely, as shown 
in FIG. 46, the volume chamber 68 is formed by an ob- 

10 long tank body 68a. Further, at one end side of the tank 
body 68a in the oblong direction (horizontal direction), 
a refrigerant inlet 69 communicating with the evaporator 
4 is provided, while on the other end side, there is pro- 
vided a suction pipe 70 of the compressor 1 . 

15 [021 1 ] An inlet 70a of the suction pipe 70 is arranged 
at the upper part within the tank body 68a so as to suck 
the gas refrigerant in the upper part within the tank body 
68a. Thereby, return of the liquid refrigerant into the 
compressor 1 at the low flow amount can be prevented. 

20 [0212]. A downstream portion of the inlet 70a of the 
suction pipe 70 is arranged in the vicinity of the bottom 
surface within the tank body 68a. In the suction pipe 70, 
a communication hole (oil return hole) 70b for sucking 
the liquid refrigerant and the oil is provided at a position 

25 which approaches the bottom surface within the tank 
body 68a. Therefore, the liquid refrigerant and the oil 
are sucked from the communication hole 70b, whereby 
the oil return property to the compressor 1 can be se- 
cured. 

30 [0213] In addition, in the twenty- ninth embodiment, as 
the compressor 1 , a variable capacity compressor ca- 
pable of changing its discharge capacity is used. This 
variable capacity compressor 1 is adapted to reduce the 
discharge capacity at the low load, whereby the corn- 

35 pressor power at the low load can be effectively re- 
duced. 

[0214] On the other hand, the variable capacity com- 
pressor 1 operates with a small capacity in the low load, 
whereby reduction of the circulating refrigerant flow 

40 amount within the cycle in the low load can be promoted. 
According to the twenty-ninth embodiment, it is possible 
to prevent the liquid refrigerant from returning to the 
compressor 1 by the gas-liquid separating function of 
the volume chamber 68 used as the expansion muffler. 

45 That is, in the twenty-ninth embodiment, it is possible to 
make the exhibition of power-saving effect using the var- 
iable capacity compressor 1 , and the prevention of the 
liquid refrigerant return, compatible. 
[0215] In this embodiment, the volume chamber 68 

so can have originally a capacity sufficient to exhibit the 
muffler effect, and can exhibit the gas-liquid separating 
function only in the low flow amount. Therefore, the vol- 
ume chamber 68 can have much smaller capacity as 
compared with a conventional accumulator. 

55 

(Thirtieth Embodiment) 

[0216] In the thirtieth embodiment, the structure 



23 



SDOCID: <EP 1150076A2J_> 



EP 1 150 076 A2 



(forming method) of the mixing chamber 63 according 
to the twentieth embodiment of FIG. 28 is changed. 
[0217] More specifically, according to the thirtieth em- 
bodiment, as shown in FIGS. 47, 48A and48B, within a 
gas-liquid separator 2c, a cylindrical spacer member 71 
is disposed along the inner wall surface thereof. This 
spacer member 71 is made of a metal such as alumi- 
num, and is joined to the inner wall surface of the gas- 
liquid separator 2c. In the outer peripheral surface of the 
spacer member 71 , at positions opposite to a bypass 
passage 39 and an inlet flow path 37 constituted of com- 
munication holes penetrating through wall surfaces of 
the gas-liquid separator 2c and the header tank 17, a 
concave portion 71a extending in the vertical direction 
is formed. A mixing chamber 63 extending in the vertical 
direction is formed by this concave portion 71 a and an 
inner wall surface of a flat joined surface 2g of the gas- 
liquid separator 2c. Thus, in an intermediate position of 
the concave portion 71a in the vertical direction, there 
is opened an outlet communication path 64 through 
which the mixing chamber 63 communicates with the 
gas-liquid separator 2c. 

[0218] Accordingly, a part of the refrigerant dis- 
charged from the compressor 1 flows into the mixing 
chamber 63 from the bypass passage 39, and at the 
same time, the gas-liquid refrigerant having passed 
through the first heat exchange unit 2d flows into the 
mixing chamber 63 from the inlet flow path 37. After the 
gas-liquid refrigerant and the refrigerant discharged 
from the compressor are mixed and are heat-ex- 
changed within the mixing chamber 63 ; the mixed re- 
frigerant flows into the gas-liquid separator 2c from the 
outlet communication path 64 of the mixing chamber 63. 
[0219] According to the thirtieth embodiment, be- 
cause the mixing chamber 63 is formed by the concave 
portion 71 a of the spacer member 71 and the inner wall 
surface of the gas-liquid separator 2c, size and position 
of the mixing chamber 63 can be freely set by selection 
of a shape of the concave portion 71a in the spacer 
member 71. In the outer peripheral surface of the spacer 
member 71 , if there is formed a concave portion which 
forms a gas return passage 36 and a liquid returning 
communication path 12 at positions different from the 
concave portion 71 a for forming the mixing chamber 63, 
it will be possible to form the gas return passage 36 and 
the liquid returning communication path 12 in the spacer 
member 71 . In FIG. 48B, the illustration of the gas return 
passage 36 is omitted. 

(Thirty-first Embodiment) 

[0220] The thirty-first embodiment relates to an anoth- 
er structure (forming method) of the mixing chamber 63. 
According to the thirty-first embodiment, as shown in 
FIGS. 49A and 49B : a flat joined surface 2g of a gas- 
liquid separator 2c is provided with a concave portion 
2h extending in the vertical direction, and a mixing 
chamber 63 extending in the vertical direction is formed 



by the concave portion 2h and the outer wall surface (a 
flat surface corresponding to the flat joined surface 2g) 
of the header tank 1 7. In this mixing chamber 63 ; there 
are opened a bypass passage 39 and an inlet flow path 

5 37, which are constituted of communication holes pen- 
etrating through the wall surface of the header tank 1 7. 
In the intermediate position of the concave portion 2h in 
the vertical direction, there is opened an outlet commu- 
nication path 64 through which the mixing chamber 63 

10 communicates with the gas-liquid separator 2c. 

[0221] According to the thirty-first embodiment the 
mixing chamber 63 can be formed without the use of 
such an additional component as the spacer member 
71 of the thirtieth embodiment, 

15 

(Thirty-second Embodiment) 

[0222] FIG. 50 is a schematic sectional view showing 
a variable restrictor 30 according to the thirty-second 

20 embodiment of the present invention. In the thirty-sec- 
ond embodiment of the present invention, when the var- 
iable restrictor 30 is used as a decompression device 
as in the second embodiment of FIG. 4, this variable re- 
strictor 30 is constituted of a super-cooling degree con- 

25 trol valve, and the restrictor opening degree of the var- 
iable restrictor 30 is made variable in accordance with 
the super-cooling degree of the high-pressure refriger- 
ant in a refrigerant cycle system. 

[0223] As shown in FIG. 50, the variable valve 30 in- 
30 eludes a valve housing 320. The valve housing 320 has 
a high-pressure refrigerant inlet 321 through which high- 
pressure refrigerant flows from the outlet side of the con- 
denser 2, and a low-pressure refrigerant outlet 322 
through which low-pressure refrigerant after the decom- 
35 pression is flowed out. The structure of the variable re- 
strictor 30 is arranged such that a restriction flow path 
323 is provided between this high-pressure refrigerant 
inlet 321 and the low-pressure refrigerant outlet 322, 
and that the opening degree of this restriction flow path 
40 323 is made variable by a valve 324 movably arranged 
in the vertical direction of FIG. 50. In this respect, FIG. 
50 shows a fully-closed state in which the valve 324 is 
abutted upon a valve seat of the restriction flow path 
323. 

45 [0224] A predetermined spring force Ps from a coll 
spring 325 is applied to the valve 324 through a spring 
supporting member 325a as a force in the direction that 
opens the valve. Onto the valve 324, a force caused by 
displacement of a diaphragm 326 is applied through a 

so temperature-sensitive operating rod 327. A space within 
a diaphragm case 328 is partitioned into two upper and 
lower pressure chambers 329 and 330 by the dia- 
phragm 326. 

[0225] The upper first pressure chamber 329 is filled 
55 with refrigerant having property identical or approximate 
to circulating refrigerant within the cycle in a gas-liquid 
state, and temperature Th of inlet high-pressure refrig- 
erant is conveyed to refrigerant filled within the first pres- 
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sure chamber 329 through the temperature-sensitive 
operating rod 327 and the diaphragm 326, whereby the 
refrigerant filled within the first pressure chamber 329 
generates saturated pressure PT corresponding to the 
temperature Th of the inlet high-pressure refrigerant. 
[0226] On the other hand, in the lower second pres- 
sure chamber 330, pressure Ph of the inlet high-pres- 
sure refrigerant is introduced through a communication 
hole 331 of the valve housing 320. Accordingly, a differ- 
ence in pressure between the two upper and lower pres- 
sure chambers 329 and 330 varies depending on a 
change in the super-cooling degree of the inlet high- 
pressure refrigerant. 

[0227] The description will be concretely made of an 
operation of the super-cooling degree control valve 30 
(variable restrictor) based on a change in the super- 
cooling degree of the inlet high-pressure refrigerant. 
When the super-cooling degree of the inlet high-pres- 
sure refrigerant becomes low, the temperature Th of the 
inlet high-pressure refrigerant becomes higher to raise 
saturated pressure Pt of the refrigerant filled within the 
first pressure chamber 329. Thereby, relationship of PT 
> (Ph + Ps) is satisfied, and the valve 324 makes a dis- 
placement in a direction that closes the valve to de- 
crease the opening degree of the restriction flow path 
323. Therefore, the high pressure Ph rises to increase 
the super-cooling degree of the inlet high-pressure re- 
frigerant. 

[0228] On the contrary, when the super-cooling de- 
gree of the inlet high -pressure refrigerant becomes high, 
the temperature Th of the inlet high-pressure refrigerant 
becomes lower to decrease saturated pressure Pt of the 
refrigerant filled within the first pressure chamber 329. 
Thereby, relationship of PT < (Ph + Ps) is satisfied, and 
the valve 324 makes a displacement in a direction that 
opens the vaive to increase the opening degree of the 
restriction flow path 323, and therefore, the high pres- 
sure Ph lowers to decrease the super-cooling degree of 
the inlet high-pressure refrigerant. Thus, the super-cool- 
ing degree of refrigerant from the condenser 2 can be 
controlled within a predetermined range set by a spring 
force Ps of the coil spring 325. 

[0229] According to the thirty-second embodiment, 
the variable valve 30 used as a decompression device 
is disposed to control the super-cooling degree of the 
outlet refrigerant from the condenser 2, thefollowing ad- 
vantages can be obtained. More specifically, when a 
fixed restrictor such as the decompression device 3 as 
in the first embodiment is used, on such condition as 
during an idling of the vehicle engine E that the cooling 
thermal load is high and the air amount of the condenser 
2 decreases, the condenser cooling capacity becomes 
insufficient to decrease the degree of cooling of the high- 
pressure refrigerant, and the cooling performance low- 
ers. According to the thirty-second embodiment, how- 
ever, even when the condenser cooling capacity is in- 
sufficient at such a high load as described above, the 
high pressure Ph is raised by the variable restriction op- 



eration of the super-cooling degree control vaive 30, 
whereby it is possible to secure the super-cooling de- 
gree of the outlet refrigerant of the condenser 2, and the 
cooling performance can be easily secured. 
5 [0230] When the fixed restrictor such as the decom- 
pression device 3 of the first embodiment is used, the 
fixed restrictor always remains an opening state. There- 
fore, in the on-off control of the operation of the com- 
pressor 1 , the operating (ON) time of the compressor 1 
10 tends to become longer, and the stop (OFF) time tends 
to become shorter (Seed of the above-described FIG. 

8). 

[0231] In contrast, in the thirty-second embodiment, 
when the high pressure Ph lowers when the compressor 
15 1 is stopped (OFF), the valve 324 of the super-cooling 
degree control valve 30 is closed, and therefore, the 
compressor stop time can be extended by delaying a 
rise in the low pressure when the compressor 1 is 
stopped. During the operation (ON) of the compressor 
20 1, in order to secure the super-cooling degree of the out- 
let refrigerant of the condenser 2 ? the valve 324 of the 
super-cooling degree control valve 30 controls the re- 
striction opening degree to slightly restrict it. Therefore, 
the compressor operating time can be shortened by ad- 
25 vancing a drop in the low pressure (Seed of the above- 
described FIG. 8). Accordingly, the compressor driving 
power can be reduced by lowering the compressor op- 
erating efficiency. 

[0232] Since the rise in the high pressure Ph can be 
30 fed back to a valve-opening operation of the valve 324 
of the super-cooling degree control valve 30, the valve 
324 becomes fully opened at an abnormal high pressure 
so that any rise in the high pressure Ph can be restricted. 



35 (Thirty-third Embodiment) 

[0233] The thirty-third embodiment performs a super- 
heating degree control, similar to the above-described 
fourteenth embodiment of FIG. 22. FIG. 51 shows a re- 
40 frigerant cycle system according to the thirty-third em- 
bodiment. At the outlet side (suction side of the com- 
pressor 1 ) of the evaporator 4, there are provided a re- 
frigerant temperature sensor 46a and a refrigerant pres- 
sure sensor 47a, detection signals from these both sen- 
45 sors 46a and 47a are inputted into super-heating deter- 
mining means 49 of an electronic control unit 48, and 
this determining means 49 determines the degree of su- 
per-heat of the refrigerant from the evaporator 4. The 
signal of the super-heating degree obtained from the su- 
50 per-heating determining means 49 is given to heating 
amount control means 50. This heating amount control 
means 50 controls energization of an electric heater 51 
for heating the liquid refrigerant provided under a gas- 
liquid separator 2c. 
55 [0234] In other words, the energization of the electric 
heater 51 is controlled by the heating amount control 
means 50 in such a manner that the amount of heating 
of the electric heater 51 is increased as the super-heat- 
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ing degree of the refrigerant from the evaporator 4 be- 
comes higher. 

[0235] Therefore, according to the thirty-third embod- 
iment, the amount of heating of the electric heater 51 is 
increased in accordance with the increase in the super- 5 
heating degree of the outlet refrigerant from the evapo- 
rator 4, whereby the amount of evaporation of the liquid 
refrigerant within the gas-liquid separator 2c can be in- 
creased, and the circulating refrigerant flow amount 
within the cycle can be increased. In other words, the 10 
amount of the liquid refrigerant within the gas-liquid sep- 
arator 2c is changed in accordance with a change in the 
super-heating degree of the refrigerant from the evapo- 
rator 4, whereby the super-heating degree of the refrig- 
erant discharged from the evaporator 4 can be control- *s 
led within a predetermined range by adjusting the circu- 
lating refrigerant flow amount within the cycle. 
[0236] In this respect, the invention according to the 
thirty-third embodiment may be applied to the fifteenth 
embodiment of FIG. 23. In this case, the valve driving 20 
mechanism 53 for adjusting the opening degree of the 
valve 52 in the fifteenth embodiment of FIG. 23 can be 
changed to a mechanism that operates in response to 
the super-heating degree of the refrigerant from the 
evaporator 4, instead of the super-heating degree of dis- 25 
charged refrigerant from the compressor 1 . 
[0237] Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 30 
modifications will become apparent to those skilled in 
the art. 

[0238] For example, in the above-described embodi- 
ments where the decompression device 3 is constructed 
by the fixed restrictor, it is of course that in place of this 35 
decompression device 3, the decompression device 30 
constructed by the variable restrictor of FIG. 4, or the 
decompression device 30 consisting of a combination 
of the variable restrictor and the fixed restrictor of FIG. 
7, or the super-cooling degree control valve 30 accord- 40 
ing to the thirty-second embodiment can be used. 
[0239] In the low-pressure-side gas-liquid separator 
40 according to the thirteenth embodiment (FIG. 21 ) : the 
refrigerant amount adjusting means according to the 
fourteenth to sixteenth embodiments(FIGS. 22 to 24) *5 
can be also applied. 

[0240] In the seventeenth to twenty-fourth embodi- 
ments shown in FIGS. 25 to 36, it may be possible to 
detachably construct the cap member 26 for blocking 
the lower end portion of the gas-liq uid separator 2c sim- so 
ilarly to the ninth embodiment shown in FIGS. 1 3 to 1 5, 
and to form a communication path (hole) 23a defining a 
part of the liquid returning communication path 12, in the 
cap member 26. Thereby, even in the seventeenth to 
twenty-fourth embodiments, the liquid returning com- 55 
munication path 1 2 can be simply tuned only by replac- 
ing the cap member 26. 

[0241] In addition, in each of the above-described em- 



076 A2 




bodiments, the present invention is typically used for a 
refrigerant cycle system for vehicle air-conditioning, but 
it is of course that the present invention can be also used 
for refrigerant cycle systems for any other uses. 
[0242] Such changes and modifications are to be un- 
derstood as being within the scope of the present inven- 
tion as defined by the appended claims. 



Claims 

1 . A refrigerant cycle system comprising: 

a compressor (1) which compresses and dis- 
charges refrigerant; 

a condenser (2) for cooling and condensing re- 
frigerant discharged from the compressor; 
a decompression device (3, 30) decompress- 
ing refrigerant from an outlet of the condenser; 
and 

an evaporator (4) for evaporating refrigerant 
from the decompression device, the evaporator 
being disposed so that refrigerant from the 
evaporator is sucked into the compressor, 
wherein: 

the condenser includes a first heat ex- 
change unit (2a), a second heat exchange 
unit (2b) at a downstream side of the first 
heat exchange unit in a refrigerant flow di- 
rection, and a gas liquid separator (2c) ar- 
ranged between the first heat exchange 
unit and the second heat exchange unit in 
the refrigerant flow direction in such a man- 
ner that refrigerant discharged from the 
compressor is cooled in the first heat ex- 
change unit and at least gas refrigerant 
separated in the gas-liquid separator flows 
into the second heat exchange unit; and 
in the condenser, a refrigerant state flowing 
from the first heat exchange unit to the gas- 
liquid separator is changed in accordance 
with a super-heating degree of refrigerant 
discharged from the compressor to change 
a liquid refrigerant amount stored in the 
gas-liquid separator. 

2. The refrigerant cycle system according to claim 1 , 
further comprising 

a communication path (12, 13, 23) through 
which liquid refrigerant stored in the gas-liquid sep- 
arator is introduced into an upstream side of the de- 
compression device in the refrigerant flow direction. 

3. The refrigerant cycle system according to claim 2, 
further comprising 

a restriction unit (14) for restricting an opening 
degree of the communication path, disposed in the 
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communication path. 



4. The refrigerant cycle system according to any one 
of claims 1 -3, wherein the decompression device is 
afixedrestrictor(3). 

5. The refrigerant cycle system according to any one 
of claims 1 -3, wherein the decompression device is 
a variable restrictor (30) which adjusts a restriction 
opening degree in accordance with a state of high- 
pressure refrigerant. 

6. The refrigerant cycle system according to claim 5, 
wherein the variable restrictor has a variable throttle 
valve (305) which changes an opening degree in 
accordance with a pressure difference between up- 
stream and downstream sides of the variable throt- 
tle valve. 

7. The refrigerant cycle system according to any one 
of claims 1-3, wherein the evaporator is disposed 
inside a passenger compartment of a vehicle, and 
the decompression device is disposed outside the 
passenger compartment. 

8. The refrigerant cycle system according to any one 
of claims 1-3, wherein the first heat exchange unit 
and the second heat exchange unit are integrated 
to form a single heat exchanger. 

9. The refrigerant cycle system according to claim 8, 
wherein the gas-liquid separator is disposed to be 
integrated with the first heat exchange unit and the 
second heat exchange unit. 



10 



15 



20 



25 



gas-liquid separator in accordance with the su- 
per-heating degree of refrigerant discharged 
from the compressor, 

wherein the adjustment means reduces the 
amount of liquid refrigerant stored in the gas- 
liquid separator when the super-heating degree 
of refrigerant discharged from the compressor 
increases. 

14. The refrigerant cycle system according to any one 
of claims 1-3, wherein: 

the first heat exchange unit and the second 
heat exchange unit are disposed integrally to 
have a plurality of tubes disposed in parallel 
with each other, through which refrigerant 
flows; 

the condenser further includes a first header 
tank disposed at one end side of the first and 
second heat exchange units to communicate 
with the tubes, and a second header tank dis- 
posed at the other end side of the first and sec- 
ond heat exchange units to communicate with 
the tubes; and 

the gas-liquid separator is disposed to be inte- 
grated with any one of the first and second 
header tanks. 



10. The refrigerant cycle system according to any one 
of claims 1-3, wherein the first heat exchange unit 
is disposed separately from the second heat ex- 
change unit. 

11. The refrigerant cycle system according to any one 
of claims 1 -3, further comprising 

a volume chamber member (68) disposed be- 
tween the evaporator and the compressor in the re- 
frigerant flow direction, which expands a refrigerant 
flow passage to reduce a pulsating noise of refrig- 
erant sucked into the compressor. 

12. The refrigerant cycle system according to claim 11 , 
wherein the volume chamber member has a volume 
chamber in which refrigerant from the evaporator is 
separated into gas refrigerant and liquid refrigerant. 

13. The refrigerant cycle system according to any one 
of claims 1-3, further comprising 

adjustment means (39, 51 , 54a, 52) for adjust- 
ing an amount of liquid refrigerant stored in the 



15. The refrigerant cycle system according to claim 5, 
30 wherein the decompression device is a variable re- 
strictor (30) which adjusts a restriction opening de- 
gree in accordance with a super-cooling degree of 
high-pressure refrigerant. 

35 16. A refrigerant cycle system comprising: 

a compressor (1) which compresses and dis- 
charges refrigerant; 

a condenser (2) for cooling and condensing re- 
40 f rigerant discharged from the compressor; 

a decompression device (3, 30) decompress- 
ing refrigerant from an outlet of the condenser; 
an evaporator (4) for evaporating refrigerant 
from the decompression device, the evaporator 
45 being disposed so that refrigerant from the 

evaporator is sucked into the compressor, 
a gas liquid separator (2c, 40) for separating 
refrigerant into gas refrigerant and liquid refrig- 
erant; and 

so adjustment means (39, 51 , 54a, 52) for adjust- 

ing an amount of liquid refrigerant stored in the 
gasrliquid separator in accordance with a su- 
per-heating degree of refrigerant discharged 
from the compressor, 
55 wherein the adjustment means reduces the 

amount of liquid refrigerant stored in the gas- 
liquid separator to increase a flow amount of 
refrigerant circulating in the compressor when 



27 



SDOCID: <EP 1 1 50076A2_I_> 



EP1 150 076 A2 



the super-heating degree of refrigerant dis- 
charged from the compressor increases. 

17. The refrigerant cycle system according to claim 16, 
wherein the adjustment means is disposed to al- 
ways adjust the amount of liquid refrigerant stored 
in the gas-liquid separator when the compressor 
operates. 

18. The refrigerant cycle system according to claim 1 6, 
further comprising: 

a main refrigerant passage through which re- 
frigerant flows through the compressor, the 
condenser, the decompression device and the 
evaporator in this order, 
wherein the gas-liquid separator is disposed to 
separate refrigerant branched from the main re- 
frigerant passage at a predetermined position 
into gas refrigerant and liquid refrigerant, and 
to return at least one of gas refrigerant and liq- 
uid refrigerant separated from each other to the 
main refrigerant passage at a downstream side 
of the predetermined position in the main refrig- 
erant passage in a refrigerant flow direction. 

19. The refrigerant cycle system according to any one 
of claims 1 6-18, wherein: 

the gas-liquid separator is disposed to separate 
refrigerant from the condenser into gas refrig- 
erant and liquid refrigerant; and 
the adjustment means is a bypass passage 
through which a part of refrigerant discharged 
from the compressor is directly introduced into 
the gas-liquid separator while bypassing the 
condenser. 

20. The refrigerant cycle system according to any one 
of claims 16-18, wherein: 

the gas-liquid separator (40) is disposed at a 
downstream side of the decompression device 
in a refrigerant flow direction to separate refrig- 
erant from the decompression device into gas 
refrigerant and liquid refrigerant; and 
the adjustment means includes a bypass pas- 
sage (39) though which a part of refrigerant dis- 
charged from the compressor is introduced into 
the gas-liquid separator, and an additional de- 
compressing unit (41) disposed in the bypass 
passage to decompress refrigerant introduced 
into the gas-liquid separator. 

21. The refrigerant cycle system according to any one 
of claims 16-18, wherein the adjustment means is 
heating means (51, 54a) for adjusting a heating 
amount of liquid refrigerant in the gas-liquid sepa- 



rator in accordance with the super-heating degree 
of refrigerant discharged from the compressor. 

22. The refrigerant cycle system according to any one 
5 of claims 1 6-1 8, further comprising 

a main refrigerant passage through which re- 
frigerant flows through the compressor, the 
condenser, the decompression device and the 
to evaporator in this order 

wherein the adjustment means includes a com- 
munication path (12, 23) through which liquid 
refrigerant in the gas-liquid separator returns to 
the main refrigerant passage, and a valve dis- 
r5 posed in the communication path to increase a 

valve opening degree in accordance with an in- 
crease of the super-heating degree of refriger- 
ant discharged from the compressor. 

20 23. The refrigerant cycle system according to claim 19, 
wherein the gas-liquid separator is disposed to re- 
turn both gas refrigerant and liquid refrigerant sep- 
arated from each other in the gas-liquid separator 
to the main refrigerant passage at a downstream 
25 side of the predetermined position in the refrigerant 
flow direction within the condenser. 

24. The refrigerant cycle system according to claim 16, 
further comprising: 

30 

a refrigerant inlet (24) provided in the one of the 
first and second header tanks, through which 
refrigerant from the compressor is introduced; 
and 

55 a bypass passage (39) through which a part of 

refrigerant flowing into the refrigerant inlet is di- 
rectly introduced into the gas-liquid separator 
while bypassing the first heat exchange unit. 

25. The refrigerant cycle system according to claim 16, 
wherein the decompression device is a fixed restric- 
tor (3). 

26. The refrigerant cycle system according to claim 16, 
45 wherein the decompression device is a variable re- 

strictor (30) which adjusts a restriction opening de- 
gree in accordance with a state of high -pressure re- 
frigerant. 

50 27. The refrigerant cycle system according to claim 26, 
wherein the variable restrictor has a variable throttle 
valve (305) which changes an opening degree in 
accordance with a pressure difference between up- 
stream and downstream sides of the variable throt- 
55 tie valve. 

28. The refrigerant cycle system according to claim 26, 
wherein the decompression device is a variable re- 



45 



50 



15 



20 



25 



30 



28 

3 1150076A2_I_> 



55 



EP 1 150 076 A2 



56 



stricter (30) which adjusts a restriction opening de- 
gree in accordance with a super-cooling degree of 
high-pressure refrigerant. 

29. The refrigerant cycle system according to claim 1 6, 
wherein the evaporator is disposed inside a pas- 
senger compartment of a vehicle, and the decom- 
pression device is disposed outside the passenger 
compartment. 

30. The refrigerant cycle system according to claim 1 6, 
further comprising 

a volume chamber member (68) disposed be- 
tween the evaporator and the compressor in the re- 
frigerant flow direction, which expands a refrigerant 
flow passage to reduce a pulsating noise of refrig- 
erant sucked into the compressor. 

31 . The refrigerant cycle system according to claim 30, 
wherein the volume chamber member has a volume 
chamber in which refrigerant from the evaporator is 
separated into gas refrigerant and liquid refrigerant. 

32. A refrigerant cycle system comprising: 

a compressor (1) which compresses and dis- 
charges refrigerant; 

a condenser (2) for cooling and condensing re- 
frigerant discharged from the compressor; 
a decompression device (3, 30) decompress- 
ing refrigerant from an outlet of the condenser; 
an evaporator (4) for evaporating refrigerant 
from the decompression device, the evaporator 
being disposed so that refrigerant from the 
evaporator is sucked into the compressor; 
a main refrigerant passage in which the com- 
pressor, the condenser, the decompression de- 
vice and the evaporator are disposed in this or- 
der; 

a gas liquid separator (2c) for separating ref rig- . 
erant into gas refrigerant and liquid refrigerant; 
and 

adjustment means (39, 51 , 54a, 52) for adjust- 
ing an amount of liquid refrigerant stored in the 
gas-liquid separator in accordance with a su- 
per-heating degree of refrigerant circulating in 
the main refrigerant passage, 
wherein the adjustment means reduces the 
amount of liquid refrigerant stored in the gas- 
liquid separator to increase a flow amount of 
refrigerant circulating in the main refrigerant 
passage when the super-heating degree of re- 
frigerant circulating in the main refrigerant pas- 
sage increases. 

33. A condenser for a refrigerant cycle system compris- 
ing: 



a heat-exchanging portion (2a, 2b) having a 
plurality of tubes disposed in parallel with each 
other, through which refrigerant flows, the heat- 
exchanging portion is composed of a first heat 
5 exchange unit (2a) and a second heat ex- 

change unit (2b) disposed in order in a refrig- 
erant flow direction: 

first and second header tanks (1 7, 1 8) disposed 
at both sides of the heat-exchanging portion to 

10 communicate with the tubes; and 

a gas-liquid separator (2c) disposed to sepa- 
rate refrigerant into gas refrigerant and liquid 
refrigerant, between the first heat exchange 
unit and the second heat exchange unit in the 

15 refrigerant flow direction, wherein: 

the first heat exchange unit is for cooling 
and condensing refrigerant from the com- 
pressor; 

20 the gas-liquid separator is disposed to sep- 

arate refrigerant from the first heat ex- 
change unit into gas refrigerant and liquid 
refrigerant; 

the second heat exchange unit is disposed 
25 to cool and condense gas refrigerant from 

the gas-liquid separator; and 
the gas-liquid separator is disposed to be . 
integrated with one of the first and second 
header tanks. 

34. The condenser according to claim 33, wherein: 

the gas-liquid separator is disposed to form a 
gyrating flow of refrigerant flowing from the first 
heat exchange portion to generate a centrifugal 
force; and 

the gas-liquid separator separates refrigerant 
into gas refrigerant and liquid refrigerant using 
the centrifugal force due to the gyrating flow. 

35. The condenser according to any one of claims 33 
and 34, further comprising: 

a communication path (23, 23a, 23b) through 
which liquid refrigerant stored in the gas-liquid sep- 
45 arator is introduced into the one of the first and sec- 
ond header tanks. 

36. The condenser according to claim 35, wherein: 

so the gas-liquid separator has a tank portion and 

a cap member (26) detachably attached to a 
lower end of the tank portion to close the lower 
end of the tank portion; and 
the communication path (23a) is provided in the 

55 cap member. 

37. The condenser according to claim 36, further com- 
prising 
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a filter (33) for filtering liquid refrigerant pass- 
ing through the communication path (23a), wherein 
the filter is disposed in the cap member. 

38. The condenser according to claim 33, further com- 
prising: 

a refrigerant inlet (24) provided in the one of the 
first and second header tanks, through which 
refrigerant from the compressor is introduced; 
and 

a bypass passage (39) through which a part of 
refrigerant flowing into the refrigerant inlet is di- 
rectly introduced into the gas-liquid separator 
while bypassing the first heat exchange unit. 

39. A condenser for a refrigerant cycle system having 
a compressor for compressing refrigerant, the con- 
denser comprising: 

a heat-exchanging portion (2d, 2f) having a plu- 
rality of tubes disposed in parallel with each 
other, through which refrigerant flows; 
first and second headertanks (1 7, 1 8) disposed 
at both sides of the heat-exchanging portion to 
communicate with the tubes, the first header 
tank having a refrigerant inlet (24) through 
which refrigerant discharged from the compres- 
sor is introduced; 

a gas-liquid separator (2c) disposed to sepa- 
rate refrigerant into gas refrigerant and liquid 
refrigerant, the gas-liquid separator being inte- 
grally connected to the first header tank; and 
a bypass passage (39) through which a part of 
refrigerant flowing into the refrigerant inlet from 
the compressor is directly introduced into the 
gas-liquid separator while bypassing the heat- 
exchanging portion. 

40. The condenser according to claim 39, wherein the 
bypass passage is a communication path through 
which a space within the first header tank commu- 
nicates with a space within the gas-liquid separator. 

41. The condenser according to claim 39, wherein the 
heat exchanging portion and the first and second 
header tanks are disposed to define a refrigerant 
passage, the refrigerant passage being U-turned 
once in each of the first and second header tanks, 
the condenser further comprising: 

an inlet flow path (37) provided between the 
first header tank and the gas-liquid separator, 
through which a part of refrigerant in the refrig- 
erant passage is branched to be introduced into 
the gas-liquid separator; 
a gas return passage (36) through which gas 
refrigerant within the gas-liquid separator is in- 



troduced into the refrigerant passage at a 
downstream side position from the inlet flow 
path in a refrigerant flow direction; and 
a liquid return passage (12, 23, 23a, 23b) 
5 through which liquid refrigerant within the gas- 

liquid separator is introduced into the refriger- 
ant passage at a downstream side position 
from the inlet flow path in the refrigerant flow 
direction. 

10 

42. The condenser according to claim 41 , further com- 
prising 

restrictor means (60) provided between a 
branch point at which the inlet flow path is branched 
is from the refrigerant passage, and a join point at 
which the gas return path and the liquid return path 
are joined in the refrigerant passage. 

43. The condenser according to claim 41 . further com- 
20 prising: 

a mixing chamber (63) in which refrigerant 
from the bypass passage and refrigerant from the 
inlet flow path are mixed, wherein the mixing cham- 
ber is provided in such a manner that refrigerant 
25 mixed in the mixing chamber is introduced into the 
gas-liquid separator. 

44. The condenser according to any one of claims 
41-43, wherein: 

30 

the gas-liquid separator includes a cylindrical 
body portion (65) defining a tank space (65b) 
in which refrigerant is received to be separated 
into gas refrigerant and liquid refrigerant; 
35 the cylindrical body portion has an auxiliary 

passage extending in parallel with the tank 
space; and 

the auxiliary passage is provided to define at 
least one of the gas return path and the liquid 
40 return path. 

45. The condenser according to claim 43, wherein: 

the gas-liquid separator includes a cylindrical 
45 body portion defining a tank space in which re- 

frigerant is received to be separated into gas 
refrigerant and liquid refrigerant; 
the cylindrical body portion has first and second 
auxiliary passages (65a, 65d) extending in par- 
50 allel with the tank space; 

the first auxiliary passage (65a) is provided to 
define at least one of the gas return path and 
the liquid return path; and 
the second auxiliary passage (65d) is provided 
55 to define the mixing chamber. 

46. The condenser according to claim 43, wherein the 
cylindrical body portion and the first headertank are 



30 



EP 1150076A2J_> 



59 



EP 1 150 076 A2 



60 



integrally molded. 



47. The condenser according to any one of claims 
41-43, wherein: 

5 

the gas-liquid separator has a tank portion and 
a cap member (26) detachably attached to a 
lower end of the tank portion to close the lower 
end of the tank portion; and 

the liquid return path (23a) is provided in the 10 
cap member. 

48. The condenser according to claim 41 , further com- 
prising 

15 

a desiccant (34) for a water absorption, dis- 
posed within the gas-liquid separator to have a 
space around the desiccant in the gas-liquid 
separator, wherein: 

the desiccant is disposed opposite to at least 20 
one of the inlet flow path and the liquid return 
path; and 

the space around the desiccant within the gas- 
liquid separator is set to be larger at a position 
where the at least one of the inlet flow path and 25 
the liquid return path is provided. 

49. The condenser according to claim 39 ; wherein: 

the gas-liquid separator has a cylindrical body 30 
portion (65) defining a tank space (65b); and 
the cylindrical body portion is formed integrally 
with the first header tank. 

50. The condenser according to claim 43, further com- 35 
prising 

a plate member (67) disposed between the 
gas-liquid separator and the first header tank, 
wherein the plate member is disposed to define *o 
the mixing chamber. 
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(54) Refrigerant cycle system 



(57) A condenser (2) of a refrigerant cycle system 
includes a first heat exchange unit (2a) into which refrig- 
erant discharged from a compressor (1 ) flows, a second 
heat exchange unit (2b) disposed at a downstream of 
the first heat exchange unit in a refrigerant flow direction, 
and a gas-liquid separator (2c) disposed between the 
first and second heat exchange units in the refrigerant 
flow direction, in the refrigerant cycle system, at least 
gas refrigerant separated in the gas-liquid separator 
flows into the second heat exchange unit so that an 
amount of liquid refrigerant stored in the gas-liquid sep- 
arator is changed in accordance with a super-heating 
degree of refrigerant discharged from the compressor. 
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